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Adrenal Medullary ‘Tumors (Pheochromocytomas) in Mice” 


FERN W. Smitru', W. U. Garpner, Min Hsin Lr’, AND H. 


(From the Department of Anatomy and Department of Radiology, Yale University School of Medicine, New Haven, Conn.) 


Few spontaneous tumors of the adrenal medulla 
in laboratory animals have been reported. Slye, 
Holmes and Wells (8) described three mesothe- 
liomas in the adrenal cortices of 33,000 mice. 
Adrenal paragangliomas were observed in three 
cows, one sheep and five horses (6). Hueper and 
Martin (4) found a neoplasm with the characteris- 
tics of a ganglioneuroma in the adrenal medulla of 
a castrated male rat among a series of thirty that 
had been maintained twelve months on a diet de- 
ficient in vitamin E. A medullary pheochromocy- 
toma has been observed in an eighteen month old 
hamster (7), and in a twenty-one month old fe- 
male mouse (5). A positive chromaffin reaction was 
not obtained in the latter tissue although the cellu- 
lar characteristics were those of a pheochromocy- 
toma. A medullary tumor reported by Whitehead 
(12) was not classified. The cells were morphologi- 
cally comparable to those in the normal medulla 
but this tumor as well as that reported by Lowen- 
thal (5) had a negative chromaffin reaction. Sev- 
eral investigations concerned with neoplasms in 
castrated mice of inbred strains have reported no 
demonstrable disturbances in the adrenal medulla 
(3,9, 10, 12). More recent studies on physiological- 
ly or surgically castrated mice have indicated the 
presence of medullary tumors with the character- 
istics of pheochromocytomas. 


* This work was supported by grants from The Jane Coffin 
Childs Memorial Fund for Medical Research, The Anna Fuller 
Fund and the U.S. Public Health Service. 


‘Donner Foundation Fellow. Present address, Department 
of Anatomy, University of Missouri, Columbia, Missouri. 


?Anna Fuller Fund Fellow. Present address, Department 
of Zoblogy, National University of Peking, Peiping, China. 


* Present address, Department of Radiology, Stanford 
University School of Medicine. 


MATERIALS AND PROCEDURES 

One hundred thirty-four mice of the BRS stock were 
castrated when 4 to 8 weeks of age and maintained on a 
commercial diet (Purina Fox Chow) and water ad 
libitum in an air conditioned room (temperature 
75° + 2° and humidity 50 per cent). Eighty-one mice 
from five strains and two hybrid groups were irradiated 
with x-rays beginning when 30 to 40 days of age (14 
minutes a day for 12 days—total dose of approximate- 
ly 750 roentgen units—125 KV, 5 ma., 30 cm, target 
distance and 38 mm. of aluminum). They were subse- 
quently maintained on the same diet as were the animals 
above. Nineteen animals of the later group received no 
further treatment, thirteen received either pellets of 
stilbestrol or subcutaneous injections of estradiol 
benzoate (16.6 wg. per week) for a period of three 
months beginning shortly after irradiation. Ten mice 
received 1 mgm, of progesterone weekly and 19 received 
1.25 mgm. of testosterone propionate weekly beginning 
about one month after irradiation and continuing 
through life. Seventeen mice received a gonadotropic 
extract prepared from pregnant mare’s serum and ex- 
tending from the second to the fifth month after irradia- 
tion. 

The mice were killed when their condition indicated 
the imminence of death or when tumors developed. 
Several endocrine glands, including the adrenal glands, 
and other tissues, were fixed in Bouin’s fluid. Some of 
the sectioned adrenal glands were “post-chromed” on 
the slides and all were stained in hematoxylin and 
triosin. 

OBSERVATIONS 

Only one of the adrenal tumors in mice of the 
BRS strain enlarged the adrenal glands appreci- 
ably. The other three tumors or lesions were too 
small to detect at necropsy and were diagnosed 
only upon histological examination. The enlarged 
gland was yellowish, nodular and measured ap- 
proximately 5 mm. in diameter. The lesions were 
unilateral in 2 mice. 
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Microscopic examination revealed thinner ad- 
renal cortices in the mice bearing the tumors. Only 
capsular tissue remained around part of the tumor- 
ous gland of the mouse with the largest lesion and 
the remainder of the cortex was thin (Fig. 1). The 
cells were polyhedral, had poorly defined bound- 
aries and were arranged in trabeculae or strands 
separated by vascular sinusoids that were, in some 
areas, distended. The cytoplasm of the tumorous 
cells stained more deeply than that of normal med- 
ullary cells (Fig. 2). The nuclei were not unlike 
those of normal cells of the adrenal medulla. 


were not unusual for glands from animals of the 
age range. 

Histologically the three large tumors consisted 
of cells with a slightly more basophilic cytoplasm 
and a slightly smaller nucleus and a less extensive 
cytoplasm than in the normal adrenal medulla 
(Figs. 6, 7, 8). As in the normal gland the cords 
were separated by vascular sinusoids supported by 
delicate connective tissue or reticulum. Mitotic fig- 
ures were not numerous but one or several were 
not infrequently observed in one microscopic field. 
Fragments of or entire isolated adrenal cortical 


TABLE 1 
MICE OF THE BRS STOCK WITH ADRENAL MEDULLARY TUMORS (PHEOCHROMOCYTOMAS) 
Mouse Age at Age at Location of 
no. ° Sex castration death tumor Additional lesions 
977 ot 2 mo 609 Bilateral Gastric tumor 
989 2 iin 604 Unilateral Gastric tumor, hepatoma 
809 of _ 598 Bilateral Gastric tumor, hepatoma, hyper- 
trophied mesenteric nodes 
1206 569 Unilateral None 
TABLE 2 
ROENTGEN RAYED FEMALE MICE WITH UNILATERAL ADRENAL MEDULLARY TUMORS 
No. of Stain or Wt. of uterus Age x-ray Age at death Size of tumor 
animal group Treatment mgm. started (days) (mm.) Other tumors 
12 AC;* 22.6 32 590 8.6X7.1 Granulosa cell 
25 Cs7 26.9 33 596 5.0X4.2 Lung adenoma 
pellet 
40 A Testosterone —~§2.8 34 616 5.5X4.2 
propionate 
58 A Testosterone $5.3 28 618 . Microscopic Heptoma 
propionate 
128 C;H Stilbestrol 163.0 31 583 Microscopic 
pellet 


*ACs—(CsH 


** Stilbestrol pellets—consisted of 1 part stilbestrol and 3 parts cholesterol. Testosterone propionate—injectedsubcuta 


1.25 mgm. in 0.05 cc. of sesame oil once weekly. 


Hemorrhagic areas were scattered throughout 
the medullae. The sinusoidal network usually pres- 
ent at the boundary between the cortex and the 
medulla was lacking; the tumorous medullary cells 
encroached upon it and projected into the cortex. 
The smaller adrenal lesions in the mice of the BRS 
stock did not encroach upon the cortices of their 
respective glands so extensively. Histologically 
they were not unlike the larger tumors (Figs. 3 
and 4). | 

Three of the x-rayed mice had large adrenal 
medullary tumors measuring 5 mm. or more in 
greatest diameter (Table 2). At the time the 
necropsies were performed it was thought that the 
tumors were of adrenal cortical tissue although 
their gross appearance was quite different than 
that of the tumors of this origin that had been ob- 
served in mice of other experiments (Fig. 5). They 
had a smooth, shiny surface and a translucent, 
pale, reddish color. The opposite adrenal glands 
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cells, were present in one of the tumors. Adrenal 
cortex could be identified only around a portion of 
the circumference of the tumors. 

The two smaller tumors were histologically sim- 
ilar to the larger lesions although the cells were 
slightly smaller. They might not have been detect- 
ed had not the larger tumors been studied, and had 
not mitotic figures been prevalent. The tumors re- 
placed part of the normal medulla and cortex with- 
out enlarging the gland (Figs. 9 and 10). 

The non-tumorous adrenal glands of the 76 mice 
in which medullary tumors were not observed 
showed no hyperchromatic nodules of medullary 
tissue and although several sections from each 
gland, or in many instances serial sections, were 
examined mitotic figures were not observed. 


DISCUSSION 


Whether castration or roentgen irradiation is re- 
lated to the formation of the adrenal medullary 
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Fig. 1.—Cross section of the adrenal tumor of mouse 
1206 (Table 1). A small amount of cortex surrounds the 
large medullary tumors on the lower left. 32 mm. objective 
and 10X ocular. 

Fig. 2.—Section of pheochromocytoma shown above. 
X195. 


Fic. 3.—Cross section of small adrenal medullary lesion 
of mouse 977. 32 mm. objective and 10X ocular. 


Fic. 4.—Section of adrenal cortex and adjacent abnor- 
mal medulla of mouse 809 (Table 1). 195. 
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Fic. 5.—Photograph of urogenital organs and pheochro- 
mocytoma tumor of mouse 12 (Table 2). The large tumor 
is above the small left kidney. The right ovary was also 
tumorous. Ut-uterus. B-bladder. OV-ovarian tumor. K- 


kidney. 


‘ 


Fic. 6.—Small part of adrenal cortex and area of the 
pheochromocytoma of mouse 40 (Table 2). 


Fic. 7.—Area of pheochromocytoma shown in Fig. 5 
above. X195. 


Fic. 8.—Area of the pheochromocytoma from mouse 25 
(Table 2). X83. 
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tumors is certainly not proven. Many times the 
number of old animals, not treated in the same 
manner, were removed during the time the above 
experiments were in progress and no large pheo- 
chromocytomas were detected. Furthermore, the 
adrenal glands of many of the animals on unre- 
lated experiments were studied histologically and 
medullary tumors of microscopic size were not ob- 
served. In fact, other than in these tumors, the 


we 


Fic. 9.—A small nodule observed in the adrenal medullary 
cells from mouse 128 (Table 2). Normal adrenal medullary tis- 
sue is shown below the small nodule, cortex above. X83. 


writers have not observed mitotic figures in the 
adrenal medullae of adult mice. The lack of adrenal 
medullary tumors in groups of non-irradiated or 
non-castrated mice maintained in the same labo- 
ratory under presumably similar conditions, makes 
it seem improbable that other environmental con- 
ditions were responsible. 

The tumors appeared in mice of 4 different 
strains and one hybrid mouse. The distribution 
among mice of diverse genetic origins makes it 
seem improbable that the mice have a genetic pre- 
disposition for such tumors. 

Few adrenal medullary tumors in mice have 
been reported. They are presumably quite rare. 
Many mice have been irradiated and observed dur- 
ing their subsequent span of life. Occasionally ani- 


mals so treated have acquired adrenal cortical tu- 
mors similar to those occurring in animals of some 
strains subsequent to castration (2) but medullary 
tumors have not been reported. Adrenal cortical 
tumors were not observed among the irradiated 
mice studied in these experiments. Most of the 
mice had been treated with gonadal hormones 
which might prevent the appearance of cortical 
tumors and were from strains in which large ad- 
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Fic. 10.—A small nodule of abnormal adrenal medullary 
cells from mouse 58 (Table 2). Two mitotic figures are shown. 
xX 165. 


renal cortical tumors rarely appear subsequent to 
castration. The one mouse that had received a pel- 
let of stilbestrol-cholesterol had an atrophic uterus 
and no pellet was detected in the subcutaneous tis- 
sues. The pellet had been either completely ab- 
sorbed or extruded. Two of the mice received more 
than enough testosterone propionate to maintain 
the accessory genital organs of castrated male 
mice. Under such circumstances it is difficult to be- 
lieve that castration or the castration effects of 
roentgen irradiation were responsible for the ap- 
pearance of the adrenal medullary tumors. 

The tumors were not fixed in solutions contain- 
ing dichromate and attempts to obtain a chromaf- 
fin reaction after the tissues were sectioned and 
placed on the slides gave weak or no response. Al- 
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though such conditions are not optimal to reveal 
the possible presence of chromaffin substances they 
indicate that the hormone content of the tumors 
may not have been high. Attempts to determine 
the presence of high levels of vasoconstrictor prin- 
ciple in the circulation by studying the blood ves- 
sels removed around, or in, the other tissues or or- 
gans saved were not too satisfactory. The age of 
the mice and coincident hormone treatment made 
interpretation of the results more difficult. The 
myometrial blood vessels of most of the mice given 
testosterone propionate and = without adrenal 
tumors, had thinner walls than did those of mice 
with the pheochromocytomas. Unfortunately tis- 
sues other than those responding to the hormone 
or other than the tumors, were not saved. 


SUMMARY 

1. Four large pheochromocytomas were found 
in the adrenal glands of mice of different strains or 
hybrid groups that had been either castrated or 
irradiated (750 roentgen units in 12 days). 

2. Small adrenal medullary lesions, histologi- 
cally not unlike the large tumors, were noted in 
5 other castrated or irradiated mice. These lesions 
are thought to be small pheochromocytomas. 
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Histopathologic Study of the Mode of Inhibition of Cellular 
Proliferation by Urethane: Effect of Urethane on 
Walker Rat Carcinoma 256° 


Joun W. Green, Jr., M.D., ann C. C. Lusupaucu, M.D. 


(From the Department of Pathology, University of Chicago, Chicago 37, [llinois) 


IN'FRODUCTION 


Urethane (ethyl carbamate) has cured no hu- 
man neoplastic diseases but by means of its in- 
hibiting effect upon cellular proliferation it has 
temporarily arrested the course of chronic leuce- 
mias (1, 4, 12, 22, 23, 24, 26), metastatic carcinoma 
(8), prostatic carcinoma (13) and carcinoma of the 
skin (1). It has thus given new impetus to the 
search for anti-neoplastic chemical substances. 
This search would be facilitated if the mechanism 
of action of urethane were understood. Haddow 
and Sexton (10) first demonstrated its inhibitory 
effect on cellular proliferation in animals using the 
Walker rat carcinoma 256. Besides a marked in- 
hibition of this tumor, they described a histologic 
change toward increased differentiation and an in- 
crease in the fibrous stroma. Subsequent studies 
have led to the conclusion that these effects are 
secondary to a direct effect of urethane on the cel- 
lular nucleus seemingly arresting its mitotic ac- 
tivity (9, 15, 23). None of these studies, while 
studying the effect of this drug upon the dividing 
nucleus, has considered the role that the severe 
systemic effects of urethane (1, 11, 19, 20) may 
have in preventing the growth of tumors. The 
failure of cellular proliferation to occur in suffi- 
cient amount to heal surgical wounds in the pres- 
ence of urethane was ascribed recently to a general 
metabolic effect rather than local action of the 
drug at the wound site (19). In experiments to be 
reported elsewhere (21) urethane even in near 
lethal concentrations was unable to inhibit pro- 
liferation of the vaginal basal epithelial cells in the 
estrus cycle when rats were supplied parenterally 
with estrogen or folicular stimulating substance. 
These experiments appeared to indicate that the 
inhibitory effect of urethane was indirect and was 
aided by the attending debilitation. Therefore the 
following study of the mechanism of inhibition of 
tumors by urethane was made in an attempt to 
evaluate in this process the relative roles of a gen- 


_* This study was aided in part by a grant from the Com- 
mittee on Growth acting for the American Cancer Society. 


eral metabolic effeet and a direct local inhibition 
of mitosis. 


MATERIALS AND METHODS 


One hundred and sixty-five adult male albino rats, 
obtained from Sprague-Dawley Farms, were used in 
these experiments. Depending upon their nutritional 
status their weight ranged from 140 to 320 grams, 
averaging 250 grams. Animals of comparable weight 
and age were used in any given experiment. The stock 
animals were maintained on laboratory chow.' Except 
in the first experiment, synthetic diets were used during 
the experimental observation period because they 
facilitated dietary control and manipulations. The syn- 
thetic diet most commonly used was a high protein 
diet containing 22 per cent casein and 30 per cent 
carrots (28). In order to evaluate the role of inadequate 
protein intake or utilization on the tumor, two special 
synthetic diets (28)* were used. Both were similar in 
calories, fat and vitamins but the protein content of one 
was reduced to less than one per cent nitrogen and of 
the other was composed entirely of casein. The latter 
high protein diet differed from the casein-carrot diet 
mainly in that it did not contain carrots and liver con- 
centrate since these contain some protein and therefore 
could not be used in the casein-free, non protein diet. In 
order to force feed anorexic rats treated with urethane, 
a semiliquid diet (7)* was fed by stomach tube to both 


! Purina Laboratory Chow. 


2 Casein-carrot diet, composition per 100 gm.: casein, 22 
gm.; carrots, 30 gm.; ruffex, 5 gm.; lard, 4 gm.; cornstarch, 
22 ym.; salt mixture, 4 gm.; liver concentrate, 1 gm.; brewers’ 
yeast, 2 gm.; water, 10 ml.; riboflavin, 500 microgm.; pyri- 
doxine hydrochloride, 200 microgm.; calcium pantothenate, 
200 microgm.; choline chloride, 100 mg.; vitamin A, 200 USP 
uiits; and vitamin D, 29 USP units. 

4 Casein diet, composition per 100 gm.; casein, 22 gm.; 
ruffex, 5 gm.; lard, 4 gm.; corn starch, 50 gm.; salt mixture, 
4 gm.; water, 15 ml.; thiamine, 540 microgm.; riboflavin, 830 
microgm.; niacin, 1340 microgm.; pyridoxine, 600 microgm.; 
calcium pantothenate, 1275 microgm.; choline chloride, 180 
mg.; vitamin A 400 USP units; and vitamin D, 58 USP 
units. The non protein diet was identical except that the casein 
was replaced with 22 gm. of corn starch. 

4Semi-liquid tube feeding diet, composition per 100 gm.: 
Amigen (Mead Johnson), 14.1 gm.; dextrin, 19.95 gm.; 
Mazola oil, 46.5 ml.; ruffex, 8.3 gm.; salt mixture, 6.6 gm.; 
water, 4.5 ml.; and vitamins as in the casein-carrot diet. 
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Cancer 
untreated and treated rats in two experiments. Wher- 
ever the food intake fell during treatment with urethane 
the diets were pair-fed to the consumption of the treated 
animals, Dietary consumption and body weight of each 
animal were measured daily. 

Because Walker carcinoma 2356 had been used by 
Haddow and Sexton (10) in testing the effect of urethane 
originally it® was used in all of these experiments. [t was 
transplanted in 0.2 ml. doses subcutaneously over the 
spine as an aseptic saline emulsion of finely crushed, 
10 day old tumor tissue diluted to 8 times the original 
volume. Occasional infections in the tumor were erad- 
icated by adding 1000 units of crystalline Penicillin 
G to 1.0 ml. of emulsion before injection. In over 1000 
transplants by this method this tumor never failed to 
take and never regressed. By 4 days sufficient growth 
occurred to form a small palpable mass. Starting at this 
time the length, width, and height of each tumor was 
measured by means of a vernier caliper every other day 
for 10 days. The resulting rectangular volumes although 
larger than the actual volume of the tumor because of 
the ovoid shape of the nodule were accurate enough to 
allow comparison of the growth of the untreated and 
treated tumors throughout the observation period. The 
logarithms of these volumes when plotted against the 
logarithm of the day of growth resulted in’ straight 
lines with a slope almost constantly reproduced in. the 
control groups in the various experiments. In order to 
obtain a relatively more accurate ratio of inhibition as a 
result of treatment, the animals were killed 14 days after 
transplanting the tumor and the tumor removed and 
weighed. These data were analyzed for statistical sig- 
nificance and only those experiments with a p value for 
the difference of the mean tumor weights of less than 
0.04 accepted for study. In one experiment, pairs of 
animals in the untreated and treated groups were killed 
daily starting 5 days after the beginning of the experi- 
ment and the tumors removed and weighed. 

The tumors were fixed in formalin, imbedded in 
paraffin, sectioned at 4 to 6 microns and stained with 
hematoxylin and eosin, silver (27), Giemsa, and oc- 
casionally a tri-chrome stain (25). Acetic-orcein stains 
of crush preparations of the various tumors were made 
in order to study details of mitotic division. These 
preparations were all studied by the usual histologic 
methods. In addition quantitative morphologic studies 
were made by the method of Chalkley (2) of the per cent 
of tumor cells in mitosis and of the various components 
of the tumor; tumor nuclei, tumor cytoplasm, blood 
vessels, fibrous tissue and reticulum. This method for 
obtaining data on the frequency of tissue elements in a 
histologic section is based on the random distribution of 
4 points in the objective of the microscope falling in the 
field of the section being studied. There is a minimum 
number of “‘hits,”’ depending on the number of different 
tissue elements being counted, which result in repro- 
ducible data. In these studies at least 200 hits were re- 
corded in studying the frequency of the various tumor 
elements and at least 400 total hits for mitotic fre- 


Obtained from Dr. H. P. Rusch, McArdle Memorial 


Laboratory, University of Wisconsin. 
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queney per slide, The averages based on 2000 to 8000 
hits are statistically reliable figures, 

Urethane (Merck) was administered in 20 per cent 
aqueous solution intraperitoncally in doses of 500 mg, 
per kg. in a single injection. Ten animals in the first 
experiment received 2 such injections 12 hours apart 
daily. In all subsequent experiments only one injection 
was given daily to the treated animals starting on the 
fourth day after inoculation with the tumor, 

Colchicine was used to arrest mitosis in one experi. 
ment, 1.5 mg. per kg. being given intraperitoneally, The 
animals were killed 7.5 hours later and the tissues 
studied for frequeney of mitosis. 


INPERIMENTS AND RESULTS 


The Effect of Urethane and Nutritional Debilita- 
tion on the Growth of the Tumor. In the first exper- 
iment the effect of urethane was studied on the 
growth of the tumor in rats fed dog chow. Thirty 
rats were used: 15 received no treatment; 10 re- 
ceived 1000 mg. of urethane per kg. daily: and 5 
received half of this dose. Previous preliminary 
experiments had shown that 14 days after trans- 
plantation the tumor increased in size very slowly 
and irregularly and became chiefly hemorrhagic 
and necrotic. Observations of the growth of the 
tumors in this and subsequent experiments were, 
therefore, limited to the first 14 days. Treatment 
with urethane was not started until the tumor had 
grown for 4 days since before that time it usually 
had not attained its maximum growth rate and 
was too small for measurement. The average 
growth curves of this experiment are shown in 
Figure 1. Urethane at the doses used inhibited the 
growth of the tumor and decreased the slope of the 
lines representing growth rate. The ratio of inhib 
tion for the smaller dose was 3.4 and for the 1000 
mg. per kg. dose was 5.2. Although the latter dose 
was given daily in two equally divided portions 12 
hours apart, 6 of the 10 rats died on the fourth day 
and only 3 ultimately survived the 10 days of 
treatment. The average size of these tumors at 14 
days is higher than it would have been if all the 
animals had survived and, therefore, this point 
falls far off the curve. None of the animals treated 
with half of this dose died. In nontumor bearing 
rats, 1000 mg. of urethane per kg. daily in divided 
doses kills only occasional animals in this period. 
Since the inhibition afforded by the smaller dose 
seemed adequate for our purposes, rather than de- 
termine the limit of tolerance to this drug of rats 
bearing this tumor, this dose was chosen as the 
standard one for all subsequent experiments. The 
casual observation in this experiment that the 
treated animals lost weight markedly led to strict 
dietary controls and body weight measurements 
in the following experiments. 
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The treated animals in the first experiment re- 
sembled closely in appearance the chronically pro- 
tein-depleted rat. Sinee it was possible that ure- 
thane tnterfered with protem utilization by the 
animal and or the tumor, the second experiment 
was done in which 5 rats® were depleted of their 
proteins over a S$ months’ pertod by feeding them 
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TIME IN DAYS OF TUMOR GROWTH 


Kia. 1. Maximum growth rates of Walker carcinoma 256 
in rats fed various diets, with and without treatment with ure- 
thane, shown on logarithmic seales. The points represent the 
average estimated volumes of tumors on various days of growth 
in: 7, normal rats fed laboratory chow; 2 and 3, same treated 
with urethane at two levels; 4, normal rats fed casein diet; 
6, normal rats fed by tube; 6, normal rats restricted to the 
amount of diet eaten by the treated rats (8); 7, protein-depleted 
rats receiving no dietary protein; 8, rats fed the casein-carrot 
diet and treated with urethane; and 9 rats treated with ure- 
thane and fed by tube. 


a diet extremely low in protein but isocalorie with 
the casein-carrot diet fed the 5 controls. No ure- 
thane was used in this experiment. After inocula- 
tion with the tumor, the protein-depleted group 
was placed on a protein-free diet which differed 
from the depletion diet by containing no liver con- 
centrate or carrots but a larger amount of vita- 
mins. The control group was given this diet with 
22 grams of casein added per 100 grams. Both 
groups were offered 15 grams of diet per rat but 


® Obtained from Dr. P. R. Cannon, Department of Pathol- 
ogy, University of Chicago. 


the depleted animals consumed on the average 
only 9 grams daily. The resulting growth rates are 
depicted in Figure and the data from this experi- 
ment are tabulated in Table 1. This severe deple- 
tion of bodily protein and deprivation of protein 
from the food caused a four-fold inhibition of the 
growth of the tumor. The latent period before the 
logarithmic growth rate was reached pro- 
longed. Onee this period was passed the tumor in 
the depleted rats grew at the same rate as in the 
controls as evidenced by the similar slopes of the 
yrowth curves. The growth of the tumors in the 
rats cating the 22 per cent casein diel was compa- 
rable to that in the rats eating laboratory chow. 
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14 DAY CHANGE IN BODY WEIGHT IN GRAMS 


Kia. 2. The relationship between the average mitotic fre- 
quency and the average weight changes of the animals result- 
ing during 14 days of tumor growth with or without urethane 
therapy. The double lined points and their corrected locations 
at the X's are explained in the text. 


These experiments concerning the protein nutri- 
tion of animals with tumors have been extended 
and will be communicated in a subsequent report. 

In the third experiment, 4 days after the tumors 
were transplanted into 10 healthy rats, no food 
was given to them for the next 10 days. Five of 
these animals were treated with urethane. The re- 
sults of this experiment are shown in Table 1. Star- 
vation caused an average loss of $1 grams in body 
weight in the controls and 99 grams in the treated 
rats. Starvation alone retarded the growth of the 
tumor, with the controls of the previous experi- 
ment used for comparison, the ratio of inhibition 
being 3.2. Urethane and starvation on this basis 
caused almost a nineteen-fold inhibition. 

In order to control the reduced food intake of 
the animals treated with urethane, the fourth type 
of experiment was performed. The untreated ani- 
mals were fed the following day that amount of 
food consumed by the treated ones on the previous 
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day. In various experiments of this type the aver- 
age food consumption for the 10 day period varied 
considerably for no apparent reason. In Figure 1 
and in Table 1 the data from the experiment with 
the best diet consumption by the treated animals 
are recorded. Restricting the controls to an aver- 
age of 15.5 grams of diet per day did not retard the 
tumor but caused an average total weight loss of 
about 20 grams, the average net weight loss after 
subtracting the weight of the tumor was 36 grams. 
The treated animals had about a four-fold inhibi- 
tion of the tumor, a total weight loss of 41.6 grams 
and a net weight loss of 46 grams. The slope of the 
growth rate curve of the treated tumors in this ex- 
periment corresponded to that of the treated tu- 
mors tn the first experiment and not to that of the 
untreated tumors. | 
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growth experiment. The animals were treated dp 
the usual way except that the average daily weight 
loss of the treated and untreated animals was kept 
as constant as possible by gradually restricting the 
consumption of ration by the untreated group 
down to 5 grams a day. The animals were killed in 
pairs from each group daily after the first day of 
treatment in order to obtain daily weights of the 
tumors, the relative inhibition of the tumors se- 
quentially throughout the 10 day period and tissue 
for histologic study. This treatment did not sig- 
nificantly inhibit the growth of the tumors in the 
control group while a two-fold inhibition was final- 
ly obtained in the treated tumors. The largest 
ratios of inhibition were obtained between the 
fifth and the ninth days of treatment. This phe- 
nomenon was also seen between those days in most 


TABLE 1 


THE RELATIONSHIP BETWEEN THE AVERAGES OF DIETARY INTAKE, TUMOR WEIGHT, 
AND BODY WEIGHT IN URETHANE TREATED AND UNTREATED RATS 


Experi- Daily diet 
ment Number intake Urethane 

num- of average 500 Av. weight 
ber animals Diet! (grams) mg/kg/day on day 4 
\5 no protein 9.0 0 140.8? 

Ill i+ none 0 0 288 .7 

\5 none 0 + 300.0 

Iv casein-carrot 15.5 0 802.6 

\5 15.5 + 300.6 

‘8 tube fed 14.0 0 243.0 

\8 14.0 + 237.0 


\ See footnote on diet composition in Materials and Methods. 


Av. Av. mitotic Av. ratio 
Av. net weight excised trequency Av. ratio inhibition 
change tumor wt, Av. gross per 100 inhibi- — based on 
(gms.) day 14 wt. change cells tion Exp. Il 
— 1.3 17.29 +16.0 2.0 
— 10.7 4.31 — 6.4 0.9 4.0 4.0 
— $6.5 5.47 —S81.0 1.1 $3.2 
— 100.0 0.92 —99.1 1.0 5.9 18.8 
— $6.1 16.52 —19.6 1.3 1.0 
— 46.1 4.45 —41.6 1.2 3.7 3.9 
+ 12.9 14.08 +26.9 2.3 1.2 
+ 3.0 2.40 + 5.4 1.4 5.8 7.2 


2 Depleted of protein reserves by three months’ feeding of the casein-carrot type of diet without casein. 


In the fifth type of experiment the animals of 
both the treated and untreated groups obtained 
nourishment only by stomach tube. The maximum 
amount of diet that could be given by this method 
in one day without injury to the rats was 14 grams, 
representing about 77 calories. The best ad libitum 
consumption of the casein-carrot diet by the treat- 
ed rats represented 37 calories. The results of the 
best of these experiments with tube feeding are 
recorded in Table 1. The tumors of the untreated 
rats grew about as well as those in the other experi- 
ments but the treated group suffered an average 
inhibition of approximately 6 times. The resulting 
growth rates in this experiment are depicted in 
Figure 1. The controls gained on the average 27 
grams while the treated group gained only 5.4 
grams, average net weight gains being 12.9 and 
3 grams respectively. No attempt was made in 
these experiments to account for this great dis- 
crepancy between the relatively large food con- 
sumption through forced feeding of the treated 
group and their small gain in body weight. 

In Table 2 the data are recorded from the sixth 


other experiments where the ratio of inhibition was 
calculated on the basis of volume instead of weight 
during the course of the study. 

It was found in a small series of animals that 
when therapy with urethane was started on the 
day of transplantation of the tumor, the latent 
period of growth was prolonged 2 to 4 days and no 
greater inhibition of the tumor occurred than by 
the usual method of treatment. In another small 
series the treated animals were allowed to live 
after the 10 days of treatment was ended. None of 
these inhibited tumors regressed and all finally 
reached the large size of the untreated tumors and 
killed the animals. 

Histologic Studies of the Effect of Urethane on the 
Growth of the Tumor.—Microscopic study of the 
14 day old tumors treated with urethane revealed 
the histologic picture described by Haddow and 
Sexton (10) as the typical effect of this drug on 
Walker carcinoma 256. The tumor cells were in- 
creased in size in the treated animals; scattered 
cells were about double the usual size and had 
pleomorphic nuclei. While most of the tumor cells 
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had larger nuclei than in the control animals, their 
cytoplasm seemed to be increased to a greater ex- 
tent (Figures 3 and 4). The treated tumors had an 
abundant fibrous stroma rich in reticulum while 
the normal tumors had little of these elements ex- 
cept near the pertpheral pseudocapsule (Figures 7 
and 8). ‘These changes tended to decrease the 
number of tumor cells per unit area. Starvation 
accentuated these changes due to urethane (Fig- 
ures 5 and 6) and seemed to augment the increase in 
fibrous stroma and reticulum (Figures 9 and 10). 
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tumors. At the time of the first sacrifice period, 
after 5 days of growth and one day of treatment, 
segments of previously existing reticulum and con- 
nective tissue with capillaries were scattered 
throughout and concentrated at the periphery of 
the nodules irrespective of treatment. Continuous 
reticular fibers in young connective tissue ap- 
peared first in both groups of tumors in noticeable 
and about equal amounts on the seventh day of 
growth of the tumors. In the urethane treated tu- 
mors at this time a fine reticular network was 


TABLE 2 


COMPARISON OF THE AVERAGE SEQUENTIAL CHANGES IN WALKER RAT ‘TUMOR 256 
IN CONTROL AND URETHANE TREATED RATS (EXPERIMENT VI) 


Day or BER INTAKE 500 Ma/Ka Wr, oN Nev we, 
rREAT- DAY OF ANIMALS DAILY URETHANE DAY 4 CHANGE 
MENT TUMOR USED (aMs,) DAILY (ama.) 
l 5 20 250 + 1.8 
2 20 221 — 4 
Q 6 2 20 (0) 246 — ().7 
2 16 252 + 0.51 
$ 7 2 16 0 229 + 1.0 
2 16 f 191 + O.8 
4 8 2 12 0 237 — 8.4 
16 + 229 
5 8 264 — $8.5 
2 18 + 202 — 4.5 
6 10 2 5 0 212 — 5.5 
2 + 269 —25.$ 
7 11 2 5 0) 208 —14.0 
2 12 + 239 —12.2 
8 12 4 5 0 229 — 23.5 
17 232 —28.5 
4) 18 2 5 0) 227 —27.5 
2 17 225 —25 
10 14 : 0 2338 —42.8 
+. 238 —16.8 


* Casein carrot diet. 


Mitotic figures appeared to be as frequent in both 
treated and untreated tumors. No difference in 
number of capillaries was noted in either group of 
tumors except that there seemed to be greater dis- 
persion of these vessels in the untreated tumors. 
The untreated tumors had more necrosis and 
hemorrhage than the treated tumors regardless of 
size. In general, however, the larger the tumor the 
greater was the amount of necrosis. The change in 
size of the tumor cells did not become manifest 
until the seventh day of treatment in the animals 
killed daily after administration of urethane was 
begun. 

Study of the silver impregnated reticulum and 
the connective tissue stains of the tumors from the 
tats killed at intervals throughout the 10 days of 
treatment revealed that the amount of connective 
tissue varied with time and the growth rate of the 


Ratio or ANALYSIS OF TIASUK COMPONENTS 


TUMOR WT, ny FREQUENCY % eyto- brous nuclear 
(aMs.) URETHANE /100cKELIS % nuclei plasm tissue ratio 
0.72 1.8 18.0 77.0 1.8 4.3 
0.386 2.0 1.0 22.0) 73.8 2.0 
0.68 1.1 21.5 75.5 1.5 3.5 
0.51 1.3 1.4 17.8 78.0 2.8 4.5 
1.55 1.7 21.0 76.0 1.0 3.6 
0.69 2.2 1.1 20.8 74.8 4.0 3.6 
2.36 2.5 . 20.8 75.0 1.5 3.6 
1.38 2.3 23.0 70.5 5.3 
5.99 1.9 19.8 77.0 2.5 4.0 
1.04 5.8 1.1 18.0 76. $3.5 4.2 
7.05 3.0 19.8 75.5 2.0 3.8 
1.80 3.9 2.3 20.5 72.8 3.3 3.6 
6.90 2.4 25.5 70.0 3. 2.7 
2.18 $3.3 1.7 11.0 80.5 3.0 71.8 
12.44 2.5 24.5 71.5 2.3 2.9 
1.16 10.7 1.5 12.0 $1.5 4.8 6.8 
10.96 2.0 25.0 73.0 1.0 2.9 
4.02 2.7 $.] 13.5 77.5 5.0 5.7 
14.79 1.4 24.2 74.0 1.5 $3.1 
7.48 2.0 1.4 13.2 $1.3 3.8 6.2 


found diffusely throughout the nodules. This was 
not found in the untreated tumors until the next 
day. On the ninth day of growth, the reticulum in 
the central portions of the untreated nodules was 
becoming diluted by tumor cells while this did not 
occur in the treated tumors until the twelfth day, 
when these tumors increased relatively rapidly in 
size. The connective tissue and reticulum of the 
capsules of the tumors corresponded in amount up 
to the eleventh day when in the untreated animals 
peripheral extension of the growing tumor cells 
greatly dispersed these elements. These elements 
were similarly dispersed in the treated tumors by 
the thirteenth day but to a much lesser extent. In 
this experiment in which the urethane treated ani- 
mals lost less weight than the restricted controls 
and the treated tumors grew better during the last 
several days than in other experiments, the 
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Fics. 3 to 6.—Photomicrographs of Walker carcinoma Fic. 4.—Tumor from rat treated with urethane in ex- 
256, 14 days old. Hematoxylin and eosin stains. 570. periment IV. 


Fic. 5.—Untreated tumor from rat starved in experi- 
Fic. 3.—Untreated tumor from rat pair-fed the casein- ment ITI. 


carrot diet in experiment IV. 


Fic. 6.—Tumor from rat starved and treated with 
urethane in experiment III. 
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Figs. 7 to 10.—Photomicrographs of the same tumors 
shown in Figs. 3 to 6, stained with Wilder’s silver method 
for reticulum. X 125. 
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Fic. 7.—Same as Fig. 3. 
Fig. 8.—Same as Fig. 4. 
Fic. 9.—Same as Fig. 5. 
Fic. 10.—Same as Fig. 6. 
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marked difference the fibrous stroma and 
amount of reticulum in the two groups depicted in 
Figures 3 to 10 was not obtained, 

These histologic impressions were confirmed by 
determining the frequeney of tumor nuclei, tumor 
cytoplasm, fibrous tissue and capillaries these 
sections by the quantitative morphologic method 
deseribed above, These data are recorded in Table 
2. The per cent of tumor nuclei decreased from 
20.5 to 11.0 from the sixth to the seventh day evi- 
dently as the result of an inerease in the amount 
of tumor eytoplasm and the bulk of the edematous 
stroma, Measurement of the tumor nuclei showed 
an acutal inerease in their size, Phe meidence of 
mitotic divisions in the treated and untreated tu- 
mors from experiments EV. V CRable 1) and 
VE CPable 2) was determined by this method, The 
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weight lost during the depletion period and is add. 
ed to the weight lost during the period of tumor 
growth, this point then satisfies the curve at "X." 

It did not seem likely that these small differ. 
ences In mitotic frequeney accounted fully for the 
differences in the size of the tumors treated with 
urethane. Therefore colchicine was used in an at. 
tempt to arrest the mitoses during a 7.5 hour peri- 
od in order to determine whether the mitoses oe- 
curring Hh animals treated with urethane were de. 
laved in completion and occurred at a slower rate, 
The results of this experiment are recorded in 
Vable 8. Only a small number of rats was used and 
the arrest of mitosis by colehicine was not as 
marked as desired. A sitiathir number of mitoses in 
the tumors and jejunal erypts were arrested by 
colchicine whether or not the animals were treated 


TABLE 


THe oF COLCHICINE ON THE NUMBER OF MEPROSES IN WALKER RAT RUMOR 8406 AND 
JRIUNAL CRYPTS OF RAPS ARTER UPREATMENT WERT URETHANE, 600 Ma. Pen RG. PER DAY 


Tomon 
Number mitoses 
per 400 cells 


ANIMALS days! 
Grour 11 

Control 8 14 8 

Urethane 4 14 Ww 8. 
Colchicine 4 V6 16 
14 
Urethane and colchicine 4 Is 
Pal] 7 7 


' Days after inoculation of the tumor. 


control tumors were found by this method to have 
a consistently slightly higher frequency of mitosis 
than the treated tumors. The standard error in 
these determinations was +0.35, about half of 
what would be expected on the basis of the number 
of cells counted. This discrepancy probably is the 
result of the synchronous mitoses occurring in 
focal areas being picked out by the four pointers in 
the ocular of the microscope used in this method. 
Statistical analysis of these counts indicated that 
they were a reliable representation of the mitotic 
frequencies of the various tumors. Debilitation 
from undernutrition seemed to have as much influ- 
ence upon mitotic activity as urethane as evi- 
denced by the results in Table 1. Figure 2 depicts 
the relationship between the average mitotic fre- 
quency and the average weight change of the ani- 
mals resulting from 14 days of tumor growth with 
or without urethane therapy. The circled point, 
that for the protein-depleted rats, is the only one 
that fails to fit the curve. If, however, the differ- 
ence between the average weight of this group and 
that of its controls can be assumed to represent the 


mitoses 


Number pyvenotio cell 
lay remnants per crypts 


Number mitoses 
per LO erypts 


lave ilaye 
4 | 
2 0 Pal 4 
3.5 71 1O] 108 


with urethane. The apparent differences in these 
numbers in the jejunal crypts are resolved if the 
number of pyenotic remnants, considered to be 
cells injured in mitosis, are added to the number of 
actual mitoses. This dose of colchicine appeared to 
be less effective on the eleventh day than on the 
eighth day of tumor growth. 

Among the mitoses of both untreated and treat- 
ed Walker tumors a large proportion seemed ab- 
normal. Some of such abnormal divisions result in 
cells that are incapable of further division, and ex- 
cept for their presence do not contribute to the 
continued increase in size of the tumor (17). A 
study of the numbers and types of abnormal 
mitoses in crush preparations of the untreated and 
treated tumors was made in order to determine 
whether these cells would be affected by treatment 
with urethane. The animals from which these 
preparations were made were tube fed in order to 
minimize the factor of nutritional debilitation. 
The results of this study are tabulated in detail in 
Table 4. The following were considered abnormal 
mitoses: polypoid prophase, large cells containing 
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a marked inerease In number of scattered chrome: 
yomes some of which may have been fragmented 
chromosomes from metaphase; abnormal meta. 
phase, clumped amorphous agglomerations of 
chromosomes at the equator of the spindle; stick. 
ing Chromosomes, persistent attachment of chro: 
mosomes Loone another after division and separa 
tion In anaphase: anaphase, the lagging of 
one or more chromosomes behind the majority as 
they approach the asteroids; and bizarre figures, 
multiple spindles tna single cell, Among the mitoses 
of the untreated tumors about 500 per cent were 
considered abnormally of the treated tumors about 


mechanisms, Urethane in tolerated doses, unlike 
colchicine, does not arrest or prevent mitotic divi- 
sion. The classification of urethane as an arrestor 
of mitoses is based on experiments whieh employed 
much more of this drug than is necessary for a 
chemotherapeutic effect. At near lethal doses ure- 
thane decreased mitotic activity and caused celle 
lar degeneration in the erypts of Lieberktihn in the 
mouse (6), reduced reticuloeytosia in rabbits (6), 
and inhibited all stages of mitosis in rat cornen for 
hours (0). Phe cessation of mitosis in those 
experiments, however, does not necessarily repre: 
sent a direet action of urethane, since an injection 


TABLE 4 


ANALYSIS OF PV PES OF MEROTIO FIGUIES IN CONTHOL AND URETHANE TREATED WALKER RAT TUMOnS 
(STANDARD TUBE FEEDING DIET EXPERIMENT V) 


at, 


AWNOUMAL METOTIO 


De 
Mi weneral mortal Lavuing Wisarre 
ANIMAL, re Meta Ana pre neta fiy 
Controls 
he 17 () v7 he 4 2h AM 
(i 50 is 4 4 7 () AW 
Average | | 2 45.6 140 125 4.4 % 50,0 
| Urethane Treated 
: 50 10 15 sO ) 45 WW 
50 12 () | 16 4 14 4 4 4 
7 50 4 : 12 24 (5 4 76 
4 50 5 () ) 1s 4 17 10) 41 42 
Average 6.8 2.6 0.5 1.4 15 70 16.1 


76 per cent were abnormal. The greatest increases 
In numbers of abnormal mitoses in the presence of 
urethane were in the polypoid prophase and lag- 
ging anaphase, both of which result in daughter 
cells with abnormal numbers of chromosomes. Of 
interest is the close agreement of the average total 
number of prophases in the two groups when the 
humbers of normal and abnormal figures at this 
stage are totaled. The frequency of mitotic figures 
in these crush preparations, as determined by the 
method of Chalkley, was the same as that found in 
the paraffin sections of these tumors. 


COMMENT 


It would seem from these experiments that ure- 
thane in chemotherapeutic doses affects the pro- 
liferation of the malignant cells of Walker car- 
cinoma 256 in the rat by both indirect and direct 


6% 7.3 17 884 75.9 


of estrogen restores mitotic activity in the vaginal 
epithelium of rats given such high doses of urethane 
daily (21). Phenylurethane, once thought to have 
an action exactly similar to colchicine (18), also, 
scems to have a mode of action that differs from 
that of colchicine in many respects (5, 10). 
Urethane in doses at chemotherapeutic levels 
or above affects many organs and produces many 
severe systemic effects which could indirectly af- 
fect the proliferation of cells. Clinically patients 
receiving therapy with urethane lose weight out of 
proportion to their caloric deficit (1) and develop 
nausea, anorexia (14) and signs of systemic intoxi- 
cation (13). A severe uncompensated alkalosis 
lasting 48 hours follows a single dose of 1000 mg. 
of urethane per kg. in rats and rabbits (11). Sus- 
ceptibility to the lethal effects of x-radiation (11) 
and chloroform (20) is increased and the healing 
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of surgical wounds is indirectly prevented by this 
drug (19). In experiments reported here, rats treat- 
ed with urethane and force-fed to prevent caloric 
deficit gained only one-sixth as much weight as the 
control animals. Control rats fed only that amount 
of diet consumed by the urethane treated rats lost 
only half as much weight as the latter animals. As 
shown in Table 1 and Figure 2 this systemic effect 
of urethane decreases mitotic frequency in the 
Walker tumor but no more than weight loss alone. 
The increase in size of the tumors is inhibited by 
urethane to a much greater extent than can be ac- 
counted for solely by this indirect effect of nutri- 
tional debilitation. The data from experiment VI 
(Table 2) seem to support this conclusion. After 14 
days the severely restricted control animals had 
lost 42.8 grams in body weight and supported the 
growth of tumors averaging 15 grams in weight. 
The comparatively well fed animals treated with 
urethane lost in this time 16.8 grams in weight 
while developing tumors weighing only 7.5 grams. 
The only possible explanation for this phenomenon 
that was found in these experiments was the effect 
of urethane upon the number of abnormal mitoses 
in the tumor. As shown in Table 4, urethane 
caused a 50 per cent increase in the total number 
of abnormal mitoses. This effect appears most 
likely to be the result of some direct action of ure- 
thane within the nucleus similar to that of x-radi- 
ation (16), although no evidence was found for this 
assumption with the techniques employed in this 
study. In spite of the fact that no increase in num- 
bers of atrophic and degenerating malignant cells 
was noticed in these tumors, it would seem that a 
possible explanation of the decreased growth of the 
treated tumors beyond that due to reduction in 
number of mitoses through debilitation, is the in- 
creased production of nonproliferating cells that 
results from the abnormal mitoses under the influ- 
ence of urethane. A similar explanation has been 
advanced to account for some of the effect of 
x-radiation on the growth of malignant tis- 
sues (16). 

From their study of the effect of urethane on the 
Walker carinoma Haddow and Sexton (10) gained 
the impression “that the profound modification in 
the histologic structure of the tumor by urethane 
. . . involves, in part at least, some attempted dif- 
ferentiation, and is not altogether to be ascribed to 
secondary changes involving the vessels and 
stroma only.” The histologic studies reported here 
appear to show that the increase in stroma and 
reticulum is a reaction of the host secondary to the 
decreased proliferation of the malignant cells. No 
evidence of differentiation of the malignant cells 
toward a more epithelial character was found. The 


production, however, of polypoid enlarged cells 
and an increase in number of probably fatal mi- 
totic abnormalities indicate that differentiation of 
malignant cells occurs during urethane therapy in 
the sense of a change from vegetative mitotic 
(proliferating) cells to fixed post-mitotie cells as 
defined by Cowdry (3). 

No evidence was found to support the possible 
explanation that urethane affected the prolifera- 
tion of malignant cells by restricting the growth of 
the nutrient blood vessels as it did in preventing 
wound healing when large doses of urethane were 
used (19). 

SUMMARY 


The effect of urethane on cellular proliferation 
in the Walker rat carcinoma 256 was studied in an 
attempt to determine the mode of action of this 
drug. By using easily manipulated synthetic diets 
it was possible to show that urethane inhibits cel- 
lular proliferation in part by nutritional debilita- 
tion of the animal. This indirect effect did not ac- 
count for the total inhibition of the growth of the 
tumor. By means of histologic and cytologic tech- 
niques, urethane was found not to have an effect 
like colchicine but to cause an increase in the num- 
ber of probably fatal abnormal mitoses in the 
malignant cells. The possible explanation was ad- 
vanced that the inhibition of tumors by urethane 
beyond that due to altered metabolism was the 
result of the production of non-proliferating 
daughter cells by these mitotic abnormalities. 
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Studies with the Polarograph on the Lipids of Epidermis 
during Normal and Rapid Growth’ 


CHRISTOPHER CARRUTHERS, Pu.D. AND VALENTINA SuNTzEFF, M.D. 


(From the Department of Anatomy, Washington University School of Medicine, St. Louis 10, Missouri) 


In a preliminary report evidence was presented 
to show that an alteration in the structure of a 
compound extractable from mouse epidermis with 
alcohol and ether occurs in the process of epider- 
mal carcinogenesis in mice (3). In this paper ob- 
servations lending further support to this struc- 
tural change are presented. 


MATERIALS AND METHODS 


The essentials of the extraction procedures and the 
polarographic method were described previously (3), 
and any variations from those already given are in the 
proper place. Polarograms of the lipids were made in a 
mixture of unbuffered or buffered solution, dioxane, and 
tetrabutylammonium iodide (0.1 M). This quaternary 
ammonium salt was employed as supporting electrolyte 
to reach potentials in the region of —2.2 to —2.4 volts 
versus the saturated calomel electrode (S.C.E.) at 
which potentials some of the lipid material is reducible 
(3). All potentials in this report are in volts vs. the 
S.C.E., hence no further reference to the latter is given. 

The epidermis of normal untreated mice and methyl- 
cholanthrene-treated mice was removed by blunt dissec- 
tion at 50° C. on a thermostatically controlled hot plate 
by the procedure of Baumberger, Suntzeff and Cowdry 
(1). By this method practically pure epidermis is easily 
separated from the dermis as verified by microscopic 
study of both isolated portions of tissue. Even when the 
epidermis is removed at room temperature by scraping 
there is little, if any, contamination with dermis (7). 
The ideal nature of epidermis for the study of car- 
cinogenesis, and the advantages of this tissue for chemi- 
cal analysis have been discussed by Cowdry (5). 

Methylcholanthrene-induced and three transplant- 
able squamous cell carcinomas were used for this inves- 
tigation. Some of the morphological characteristics of 
these tumors have appeared (3). In many instances 
transplantable tumors which were small, solid, and con- 
taining little, if any, necrosis were used for lipid extrac- 
tion, and the preparation and advantages of these have 
been described (8). When large methylcholanthrene- 
induced or transplantable tumors were employed for 
analysis, the necrotic material was removed as thor- 
oughly as possible with the aid of a magnifying lens. In 


* This investigation was aided by grants from the Charles 
F. Kettering Foundation, The American Cancer Society and 
The National Cancer Institute. 


all cases small pieces of every tumor were fixed and 
stained for histological control. 

Polarography of the lipids was carried out in Heyroy- 
sky vessels with a large anodic mercury surface, and the 
anode potential was determined for every sample. The 
anode potential was quite constant in all samples of 
similar composition with respect to dioxane, water, 
tetrabutylammonium iodide, and lipid. For example, 
the average anode potential of the lipids of normal and 
hyperplastic epidermis, and of the carcinomas in buf- 
fered and unbuffered solutions in 50 per cent dioxane 
solution for 80 determinations was —0.391 volts + 4 
mv. 

The results for the lipid extractable materials in nor- 
mal and methylcholanthrene-treated epidermis, which 
were polarographed in unbuffered solution, are shown in 
Table 1. The amount of lipid material is expressed as 
microamperes (diffusion current) per 100 mg. lipid, and 
the half-wave potential in volts. The diffusion current 
was determined on every sample and was proportional 
to the concentration of the lipid (Table 2). The half- 
wave potentials of the 2 waves were nearly the same 
when the dioxane concentration ranged from 37.5 to 
62.5 per cent, and when the lipid concentration varied 
from approximately 2.5 to 6.0 mg. per ml. The potential 
values were quite constant in all cases since the pH was 
usually between 5.2 and 6.0. There was no significant 
change in the half-wave potentials in the lipid material 
from epidermis receiving many treatments with methyl- 
cholanthrene. Polarograms typical of the lipids of nor- 
mal and hyperplastic mouse epidermis and of the car- 
cinomas are shown in the preliminary report (3). 

The amount of reducible material, as measured from 
the diffusion current of the second wave of the double 
wave, is expressed as microamperes per 100 mg. lipid. 
This average value for normal untreated epidermis was 
25.0 wa per 100 mg. lipid, and for hyperplastic epidermis 
52.4. The amount of reducible material in the latter 
tissue was twice that of the normal, and only 1 sample of 
hyperplastic epidermis contained less than any of the 
normals. Normal human epidermis! contained an aver- 
age of 65.5 wa per 100 mg. lipid and is therefore in the 
same range as hyperplastic mouse epidermis. These two 
tissues have other similar chemical properties (4). The 
amount of reducible material extracted and the half- 


1 The authors are indebted to Drs. J. Frerichs and Peter 
Thomas of the Staff of Barnard Free Skin and Cancer Hos- 
pital for the human material. 
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wave potentials were independent of the amount of 
alcohol used in the extracting medium. 

When epidermis was extracted with ether alone or 
with a mixture containing 40 ml. of ether and 20 ml, of 
pure dioxane, the lipid thus obtained did not show the 
double wave when polarographed in the unbuffered so- 
lution. Apparently the reducible lipid of the epidermis is 
protein-bound and requires breaking down with ethy! 
alcohol prior to extraction. The need for splitting lipo- 
protein complexes prior to complete extraction of tissue 
lipids has been emphasized (2). 

When methylcholanthrene-induced carcinomas and 
transplantable squamous cell carcinomas (Nos. 1, 2, 3) 
were extracted with a mixture containing 50 per cent 
alcohol and 50 per cent ether, as were normal and 
hyperplastic epidermis and the lipid polarographed, a 
great difference was noted from that of the latter tissues, 
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from 8.1 to 19.1 wa per 100 mg. lipid (Table 3). The 
half-wave potentials ranged from — 1.62 to — 1.70 volts 
(average — 1.67). The behavior of this reducible materi- 
al with respect to its extractability with different pro- 
portions of alcohol and ether indicates that the lipid is 
probably protein-bound. 


BEHAVIOR OF THE REDUCIBLE MATERIALS 
OF EPIDERMIS IN BUFFERED SOLUTIONS 


The lipid material of normal and hyperplastic 
epidermis was polarographed in mixtures of buf- 
fered solution, dioxane (50 per cent by volume) and 
0O.1M tetrabutylammonium todide. Buffer solu- 
tions (O.1M) of acetic acid-sodium acetate and 
citric acid-sodium citrate were employed for the 
pH range of 4.40 to 7.3. The final concentration of 


TABLE 1 
REDUCIBLE MATERIAL IN EPIDERMIS IN UNBUFFERED SOLUTION 


Micro- 
AMPERES 
PER 100 First wave 
EPIDERMIS MG. LIPID A B 
$9.3 —1.49 
22.7 —1.46 
Normal mouse 23.1 —1.58 
20.5 —1.48 
19.6 —1.50 —1.48 
Hyperplastic mouse: 
paintings MCT 47.8 —1.51 
6C —1.49 —1.45 
24.0 —1.52 —1.48 
10 paintings MC 65.5 —1.49 
12 paintings MC 50.5 —1.47 —1.47 
%4 paintings MC 65.8 —1.48 —1.47 
Normal human 72.0 —1.45 —1.42 
55.0 —1.50 —1.45 


* A, in 62.5 per cent dioxane at 4 original concentration 
B, in 50.0 per cent dioxane at } original concentration 
(, in 37.5 per cent dioxane at } concentration 


t Methylcholanthrene 


At a lipid concentration of 5 to 6 mg. per ml. in 50 per 
cent dioxane solution, a wave was seldom present with 
ahalf-wave potential comparable with that of epidermis. 
On the other hand, if these same tumors were extracted 
with mixtures of 75 to 60 per cent ether, a single wave 
always appeared. Only a few induced carcinomas and 
3 of 6 samples of tumors No. 2 gave this single wave when 
extracted with a mixture containing 50 per cent alcohol 
and 50 per cent ether. 

The amount of reducible material extracted from in- 
duced and transplantable tumors, and the half-wave 
potentials are shown in Table 3. For the induced tumors 
only 4 of many extracted with a mixture containing 50 
per cent alcohol and 50 per cent ether gave a single 
wave. The tumors extracted with different proportions 
of solvents showed varying amounts of reducible mate- 
rial, ranging from 4.7 to 20.3 wa per 100 mg. lipid. The 
half-wave potentials were from —1.64 to —1.70 volts 
(average —1.67). None of the transplantable tumors 
Nos. 1 and 3 gave the single wave when extracted with 
the 50 per cent alcohol: 50 per cent ether mixture, but 
when 60 to 75 per cent ether was employed as ex- 
tractant, the amount of reducible material obtained was 


WAVE POTENTIALS* 


ALCOHOL IN 


IN VOLTS ALCOHOL-ETHEK 
Second wave MIXTURE 

—1.40 —1.74 —1.70 60 
—1.49 — 1.68 —1.65 25 
50 

—1.48 —1.71 —1].65 50 
—1.65 — 1.65 50 

— 1.67 60 

—1.42 —1.70 —1.70 —1.638 50 
— 1.66 —1.70 50 

—1.67 25 

—1.67 —1.66 50 

—1].42 —1.69 — 1.68 —1.65 50 
—1.61 —1.61 50 

—1.44 —1.69 —}.72 —1.67 50 


TABLE 2 
RELATIONSHIP OF DIFFUSION CURRENT TO CONCENTRA- 
TION OF THE LIPIDS IN EPIDER- 
MAL CARCINOGENESIS 


CONCENTRA- DIFFUSION CURRENT (ig) 


TION OF MICROAMPERES id 
Lipip (C) Epidermis in unbuffered 
MG./ML. solution 
First wave Second wave* First wave Second wave* 
4.0 0.49 1.06 0.123 0.265 
6.0 0). 87 1.47 0.145 245 
8.0 1.14 2.10 0.142 (). 263 
Carcinoma in buffered 
solution pH 4.32 
Single wave Single wave 
7.2 0.162 0.023 
11.0 0.270 0.025 
18.4 0.430 0.023 


3 *Sum of first and second waves. 


the buffers in dioxane was 0.05M. The effect of 
dioxane upon the pH of the buffered solutions was 
considerable in that it raised the pH value by at 
least one unit. The dependence of the half-wave 
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potentials of the reducible material of normal and 
hyperplastic epidermis upon the pH of the solution 
is shown in Table 4. The pH values were those 
obtained with a glass electrode after clectrolysis. 
For both normal epidermis (average of 4 sampies) 
and hyperplastic epidermis (average of 2 samples), 
the dependence of the half-wave potential upon 
the pH was practically the same. The lipid mate- 
rial of both tissues had a half-wave potential of 
— 1.50 volts for the first wave and — 1.72 volts for 


TABLE 8 


REDUCIBLE MATERIAL IN CARCINOMAS IN 
UNBUFFERED SOLUTION 


Methylcholanthrene-induced ‘Tumors 


Aleohol in Half-wave 
alcohol-ether potentials 
Number of Microamperes per mixture (average) 
samples 100 mg. lipid (Per cent) in volts 
+ 11.2 50 —1.67 
2 6.4 25 —1.64 
2 14.7 * @5 —1.70 
2 4.7 * 40 —1.68 
2 20.3 25 —1.66 
Tumors 1, 2, and 3 
| 7.2 50 —1.62 
2 18.0 40 —1.70 
7 18.2 25 —1.66 
2 8.1 * 25 —1.67 
l 18.8 * 40 — 1.68 
7 19.1 t 25 —1.65 
1 18.0 t 40 —1.69 


* Tumors in alcohol overnight at 0°—4° C, 


t Tumors in alcohol at room temperature fer 1 to 2 hours, then overnight 
at 


the second wave in unbuffered solution (pH 5.2 to 
6.0). Only a single wave appeared (at pH. 4.43 to 
4.52) with a half-wave potential of — 1.40 volts, 
which increased to — 1.50 volts at pH 5.73 to 5.80. 
The double wave appeared at pH 6.33 to 6.48; the 
half-wave potential of the first wave was — 1.57 
volts and that of the second an average of — 1.68 
volts, while hyperplastic epidermis had a single 
wave with a half-wave potential of —1.70 volts. 
The lipid of both tissues had only a single wave 
with a half-wave potential of about —1.72 volts 
at pH 7.1 to 7.3. 

The wave height of the first wave was not ap- 
preciably altered by changes in pH nor by the buf- 
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fers employed. The diffusion current of the pe. 
ducible material as measured from the height of 
the second wave was determined per 100 mg. lipid 
and this data demonstrated that the height of both 
waves at pH 6.33 to 6.7, or of the single wave at 
pf 7.1 to 7.8 was about equal to that of both 
waves of the double wave in the unbuffered soly. 
tion. Thus it was apparent that the half-wave po. 
tential of the first wave had coalesced with that of 
the second wave at pIl 7.1 to 7.3) the two waves 
becoming additive. The half-wave potential of the 
second wave was also dependent upon the pH of 
the solution (Table 4). The single wave at pH 7.1 
to 7.3 disappeared above pH 8.0 in boric aeid- 
sodium hydroxide, sodium hydroxide-glycine, 
tetrabutylammonium todide-tetrabutylammonium 
hydroxide buffers, and in Sorensen’s buffer of 
pil 7.6. 

When the lipid material of methyleholanthrene- 
induced or transplantable squamous cell careino- 
mas was polarographed buffered solutions 
waves characteristic of epidermis did not appear. 
Only a wave with an average half-wave potential 
of — 1.67 volts appeared in the unbuffered solution 
(Tables 3 and 4). Since this wave was absent in the 
buffered solutions, its presence in the unbuffered 
solution was due to some lipid substance acting as 
a buffer. The nature of this material which acts as 
a buffer is not yet known. 

The lipid of the carcinomas did show a very 
small wave, the half-wave potential of which was 
pH dependent (Table 5) and the diffusion current 
was proportional to the concentration (‘Table 2). 
This wave had a half-wave potential of —1.34 
volts at pH 4.43, —1.40 volts at pH 5.70, and 
— 1.47 volts at pH 6.438, which was about 100 my. 
less negative than that of the half-wave potentials 
of the first wave of normal and hyperplastic epi- 
dermis. This small wave was also found in the 
lipid substance of liver, skeletal muscle, and sar- 
coma 180. Other tissues have not yet been ex- 
amined for its presence. Since the half-wave po- 
tential of this small wave was significantly less 
than that of the first wave of normal and hyper- 
plastic epidermis, another compound is probably 


TABLE 4 
HALF-WAVE POTENTIALS OF THE REDUCIBLE MATERIAL OF EPIDERMIS IN BUFFERED SOLUTIONS 


HALF-WAVE 
POTENTIAL 
MATERIAL (34) Unbuffered 
Volts 

Normal epidermis First wave —1.49 
Second wave —1.72 
Hyperplastic epidermis First wave —1.50 
Second wave —1.72 

Carcinomas . First wave 
Second wave — 1.67 


* H, hydrogen wave. 


PH 
4.43-4.52 5.73-5.80 6.33-6.43 6.70 7.10-7.30 
Volts Volts Volts Volts Volts 
—1.40 —1.49 —1.57 —1.62 
oy H* —1.65 —1.69 —1.71 
—1.40 —1.51 —1.57 
H* H* —1.71 —1.70 —1.73 
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indicated. Moreover, the first wave characteristic 
of normal and hyperplastic epidermis was not 
found in the lipid extracted from many other 
mouse tissues when polarographed in the unbuf- 
fered solution. Apparently an acid medium is es- 
sential for the electrolysis of the substance indi- 
cated in Table 5 in spite of the fact that liver con- 


TABLE 5 
HALF-WAVE POTENTIAL OF THE REDUCIBLE MATERIAL 
OF MOUSE TISSUES IN BUFFERED SOLUTIONS 


rH 
4.43 5.70 6.45 7.0—-7.1 
MATERIAL Volts Volts Volts Volts 
Liver —1.33 —1.4l1 —1.45 —1.53 
Skeletal Muscle —1.34 —1,42 —1.47 —1.51 
Carcinoma —1.$4 —1.40 —1.47 —1.50 
Sarcoma 37 —1.36* 


* Insufficient material for study at higher levels. 


tains much more of this reducible material than 
does muscle and carcinomas. On the other hand 
an acid medium (buffers) is not essential for the 
electrolysis of the lipid compounds of epidermis. 
The wave of this substance in the carcinoma is 
present in the neighborhood of pH 7.0 as is the 
first wave of epidermis which is present at this 
pH. The wave of this substance in the carcinoma 
is present in the neighborhood of pH 7.0 as is the 
first wave of epidermis but with a half-wave po- 
tential 200 mv. more positive than that of epi- 
dermis. The necessity of using buffered solutions 
for polarography of organic compounds has been 
stressed (6). 
DISCUSSION 


These studies on the polarographic behavior of 
the lipid material of normal and hyperplastic epi- 
dermis and squamous cell carcinomas in buffered 
solutions may necessitate some modification of the 
concept on a qualitative chemical change in car- 
cinogenesis proposed in the preliminary report (3). 
The reducible materials present in the lipid of 
normal and hyperplastic epidermis which gave 2 
waves are completely lacking or are chemically 
altered in the carcinomas whether induced or 
transplantable. The lipid material of the carci- 
nomas only gave a single wave in unbuffered solu- 
tion because some substance was acting as a buffer. 
This substance may or may not have any struc- 
tural relation to the reducible lipid materials of 
normal and hyperplastic epidermis. 

It is therefore apparent that the lipid of the 
carcinomas is qualitatively different from that of 
the tissue of origin, epidermis, in that a compound 
or compounds responsible for the 2 waves in the 
latter tissue is lacking or is chemically different 
from that found in the carcinomas. The chemistry 
of this qualitative chemical change and the locus 
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of the reducible lipids in cellular particulates is 


now under investigation. 
A compound having the same property of acting 


as a buffer in the unbuffered mixture of dioxane, 


water and tetrabutylammonium iodide was found 
in the lipid material extracted from mouse trans- 


plantable sarcomas 37? and 180,? lymphosarcoma,? 


undifferentiated lung carcinomas* and spontane- 
ous mammary adenocarcinomas. In contrast, only 
the lipid, less firmly attached to protein, from 
mouse cardiac and skeletal muscle and _ spleen 
showed this same property although the adrenals, 
lymph nodes, brain, liver, ovaries, pancreas, and 
kidneys were examined. On the other hand, human 
squamous cell carcinomas behaved as did the 
mouse carcinomas in the unbuffered solution 
(Table 6) but insufficient material was avail- 
able to ascertain whether the lipid compound 
was actually reducible or acted as a buffer. The 
half-wave potentials of mouse and human epi- 
dermal lipid were nearly the same in the unbuf- 
fered solution. This similarity suggests the possi- 
bility of a similar chemical composition with re- 
spect to the reducible materials. Furthermore, the 
process of skin carcinogenesis in both species ap- 
pears to be similar from these polarographic 
studies. 

The lipid material from skeletal muscle, liver, 
and squamous cell carcinomas was well as sarcoma 
37 had a very small wave in buffered solutions 
with a half-wave potential which was pH depend- 
ent and which was significantly less negative than 
that of the first wave of normal and hyperplastic 
epidermis. The compound responsible for this 
wave was not present in normal and hyperplastic 


TABLE 6 


REDUCIBLE MATERIAL IN HUMAN SQUAMOUS CELL 
‘ARCINOMAS IN UNBUFFERED SOLUTION 


Alcohol in 
Micro- alcohol- 
amperes ether Half-wave . 
Sample per100mg. mixture potential 
no. lipid (Per cent) in volts Location of carcinoma 
1 97.5 25 —1.69 Metastatic to liver 
2 44.0 25 —1.73 
: 95.0 25 —1.72 Metastatic to lymph 
nodes 
4 52.0 25 —1.62 Left side of forehead 
5 65.4 25 —1.67 Penis 
6 98.0 25 —1.67 Metastatic to liver 


epidermis, and its role, as well as that of the other 
reducible substances in skin cancer formation, 


2The authors are indebted to Dr. V. Downing, of the 
National Cancer Institute, Bethesda, Md. for the mice bearing 
sarcomas 37 and 180 and to Dr. W. U. Gardner of the Depart- 
ment of Anatomy, Yale University School of Medicine, New 
Haven, Conn. for undifferentiated lung carcinoma and for the 
lymphosarcoma. 
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must await fractionation of the complex lipid max: 
ture obtained from: normal cells and from cells 


SUMMARY 


Polarography of material extractod from tissues 
with aleohol and ether was studied ina mixture of 
unbuifered and buffered solution, dioxane, and 
iodide, 

Evidenee ts presented to show Chat an alteration 
In the structure ofa compound or compounds ox 
tractable from: mouse epidermis and caremomas by 
solvents occurs during the process of 
dermal carcmogenesis tia Phe lipids of hyper 
plastic epidermis behaved polarograplhically as did 
those of normal epidernais, 

The half-wave potentials of the reducible sub: 
stances of epidermal lipid were shown to be de 
pendent upon the of the solution employed for 
electrolysis, The halfewave potential of a com: 
pound characteristic of mouse skeletal musele, 
liver, squamous cell caremomas, and perhaps 
other organs was found to be pH dependent, 

The reducible compounds of mouse and human 
epidermal Lipid appear to be the same. Further. 


more, the process of epidermal caretopgenesin jn 
both apocion to be with respect to the 
polarographic behavior of the lipids, 
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The Preparation and Propertics of the Mitochondria 
and Submicroscopic Particles of Normal and 
Leukemic Mouse Organs’ 


ROB. A.M. Lanack, M. 


(hrom the Sloan hettering Tnatitute for Cancer Reacarch, New Vork 21, New Vork) 


The mitochondria and submieroseopie particles 
which were employed tn the serological! studies de: 
yeribed tn the second paper of this series (2) were 
prepared by the method of Hogeboom, Sehneder 
and Pallade (3). Phese authors have shown that 
when rat liver eytoplasm is fractionated by een 
trifugation in suerose the iwolated mito- 
chondria have the same morphological character 
istics and staiming properties as do the mitochon 
dria in the intaet liver cell, submicroseopie 
porticle fraction rich nueleie acid can also be 
obtained, Tn this laboratory the sucrose fractiona- 
lion technique has been adapted to mouse spleen 
(4). In this paper the preparation and properties 
Of similar fractions obtained from mouse liver and 
kidney, as well as spleen, will be deseribed, 


MATERIALS AND METHODS 


Mice of the Akim strain (1), about three months 
of age, were used. The leukemia, 9417 (1), was 
transplanted by the intraperitoneal injection of 
leukemic tumor or spleen two weeks before the 
animals were killed. For the leukemic preparations 
about 50 mice were used; 100 mice of the same age 
were utilized for the normal preparations. The 
animals were killed) by spinal fracture. The 
spleens, livers, and kidneys were removed immedi- 
ately, chilled, cleaned, weighed, and homogenized 
in nine volumes of cold 0.88 M sucrose. All further 
operations were conducted in the cold. The nuclei 
and cell debris were removed by centrifuging four 
times at 600 X gravity for ten minutes in the hori- 
zontal yoke of an International centrifuge. The 
mitchondria were sedimented at 20,000 * gravity 
for 25 minutes in a Servall SS-1 angle centrifuge. 
They were washed twice with 0.88 M_ sucrose in 
the same way. 

The mitochondria supernatant recentri- 


* The expenses of this investigation were defrayed by grants 
from the Office of Naval Research, the. James Foundation of 
New York, Inc., the Barker Welfare Foundation of New York, 
and the Finney-Howell Research Foundation. 


to remove the last trices of mitochondria. 
wis then diluted to suerose by the rapid 
mldition of tee water, and centrifuged for four 
hours at 20,000 % gravity, The supernatant was 
oplically clear, The sediment was suspended. in 
0.84 M sucrose, which was then diluted to 0.44 M 
and centofuged as before, Both the mitochondria 
and submicroscopie particles were suspended in 
about ee. of M sucrose per gram of original 

The suspensions were analyzed for nitrogen by 
Kjeldahl analysis and for pentose nucleie acid 
(PNA) and desoxypentose nucleic acid (DNA) by 
the orcinol and diphenylamine procedures as de- 
seribed by Schneider (5, 6). 


RESULTS AND DISCUSSION 


No DNA was found in any of these samples 
which were analyzed. This is in accord with previ- 
ous experience in this laboratory; if precautions are 
taken to avoid breaking nuclei, and if the homoge- 
nate is centrifuged until the supernatant is free of 
nuclei on microscopic examination, no DNA is 
found in any cytoplasmic fraction. 

The results of the PNA analyses are given in 
Table 1. The values on the spleen mitochondria 
are in agreement with others obtained in this labo- 
ratory, which have varied from 0.21 to 0.34 mg. 
PNA per mg. of nitrogen, with no apparent differ- 
ence between the mitochondria from normal and 
leukemic spleen. The values for liver are similar to 
those found for normal rat liver (3). Whether the 
low PNA content found for the “mitochondria” 
from kidney is characteristic for the mitochondria 
of this organ is impossible to say on the basis of 
only 2 experiments. It may be noted, however, 
that the PNA content of the “large granules” of 
rat kidney (obtained by fractionation in saline) is 
only half that of the corresponding fraction of rat 
liver (7). 

Whereas the isolated mitochondria seem to rep- 
resent a clear-cut fraction of the cytoplasm, the 
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submicroscopic particles isolated these experi- 
ments include only a small fraction of the total 
submicroscopic nucleoprotein. En quantitative ex: 
periments on the distribution mouse 
spleen (4) it was found that with the centrifugal 
force employed here only LO per cent of the PNA 
in the mitochondria supernatant of normal spleen, 
and 3 per cent of that in the leukemic mitochon: 
dria supernatant, remained in the sediment after 
one washing. Care was therefore taken to keep the 


TABLE 1 
THe PNA CONTENT OF MEPROCTION DREA 
(M) AND SUBMICROSCOPTC PAR EICLES (P) 
rFROM NORMAL AND LEUREMIC Mouse On- 
GANS, EXPRESSED AS MG. PNA per Ma, 


NEPROGEN, 
(GAN Leon 
Spleen- M1 0.86 O84 
0.88 0.26 
0.84 
AY 0.21 
Liver-M 0.16 | 0.16 
Kidney-M 0.07 0.04 
Spleen-P 0.80 0.62 
Liver-P 0.41 0.57 
Kidney-P 0.26 0.17 


speed and time of centrifugation the same through- 
out these experiments, so that about the same 
fraction of submicroscopic particles would always 
be obtained. The differences in the PNA content 
of the P fractions obtained from normal and 
leukemic spleen are probably due to the inclusion 
of varying amounts of smaller particles, which are 
much richer in PNA. In other preparations the 
PNA content has varied from 0.84 to 0.54 mg. per 
mg. of nitrogen for large particles from normal 
spleen and from 0.36 to 0.54 for large particles 
from leukemic spleen. The values for kidney are 
again low, in agreement with the low PNA content 
found for rat kidney cytoplasm (7). 


SUMMARY 


1. The mitochondria of normal and leukemie 
mouse spleen and liver have been isolated by cep. 
trifugation in M sucrose. A fraction of similar 
sedimentation properties, but lower nucleic. acid 
content, has been isolated from: mouse kidney, 

2. A fraction consisting of the largest submiero. 
scopie nucleoprotein particles has been prepared 
from normal and leukemic spleen, liver, and kid. 
ney, and its nucle acid content determined, 
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A Serological Study of Cytoplasmic Fractions from the 
Spleens of Normal and Leukemic Mice” 


ANNA Dran Dutanety,t Yverre Gotpsmiru, Kristen ARNESEN, 
AND Loutst Bux TON 


(From the Sloan-Kettering Inatitute for Cancer Reacarch, New York 21, New York) 


One of the important problems in present day 
investigation of cancer concerns intrinsic differ- 
ences which may be demonstrated between the 
cells of normal and malignant tissues. 

A fruitful field for such studies has evolved 
through the use of differential centrifugation for 
the fractionation of cells, a procedure which yields 
isolated morphological components suitable for 
physiological, chemical, and serological examina- 
tion (4), (5), (9). Claude (1946) (6), (7) has de- 
scribed in detail his latest method of fractionation 
of mammatian liver cells with the resultant segre- 
gation of (a) large granules (mitochondria) 
(b) submicroscopic particles (held to be micro- 
somes), and (¢) a supernatant component. Recent- 
ly Hogeboom and his associates (11) have recom- 
mended the use of 0.88 M_ sucrose, rather than 
water or isotonic saline solution, for the isolation 
of intact cellular elements. Centrifugal fractiona- 
tion of rat liver homogenates, prepared with the 
sucrose solution, produced mitochondria whose 
morphology staining properties were pre- 
served, 

The antigenic properties of certain of these 
cytoplasmic fractions have been investigated (9), 
(10), (15), (2). These “heavy materials”, obtained 
by various methods of treatment of a considerable 
number of tissues, have been found to be of intri- 
cate make-up and to exhibit varying degrees of 
species and organ specificity. Furth and Kabat (9) 
concluded that complement fixation tests did not 
distinguish between sedimented particles from 
chicken sarcoma and those from normal chicken 
spleen. However, the sera of rabbits given the 
sarcoma materials exhibited tumor-neutralizing 
properties which were in no way related to the 
complement fixing antibodies. Kidd (15) has re- 
ported that heavy materials from certain tumors 


* These studies were supported by grants from the Office 
of Naval Research and the James Foundation of New York, 
Ine. 


t Permanent address The Institute of Pathology, Uni- 
versity of Tennessee, Memphis, Tennessee. 


may be differentiated from those obtained from 
normal tissues by use of complement fixation pro- 
cedures. 

In this laboratory we were particularly inter- 
ested in the detection of antigenic differences be- 
tween the intracellular components isolated from 
the spleens of normal and leukemic mice. Mito- 
chondria and submicrosecopie particle fractions, 
hereafter designated ““M” and “P”, were segre- 
gated according to the method of Hogeboom, 
Schneider, and Pallade from the spleens, livers, 
and kidneys of normal and leukemic mice of the 
Akm stock (11). A strain of lymphoid leukemia 
(9417) was employed (3). While all of these cyto- 
plasmic materials were used for the production of 
antisera in rabbits, this first report emphasizes the 
results of serologic studies with the spleen antisera. 


MATERIALS AND METHODS 


Preparation of Antigens.—The methods of prepara- 
tion and some of the chemical characteristics of the M 
and P fractions obtained from the spleens, livers, and 
kidneys of normal and leukemic mice are described in 
the first paper of this series. (1) 

Upon completion of the segregation process we dis- 

tributed these materials in amounts of 1 to 2 ml. in glass 
ampoules which were stored immediately at —20° C. 
As required for injection of animals, or use in serological 
procedures, the ampoules were removed from the deep 
freeze, the cell fractions thawed in a water-bath at 
37° C. and then diluted according to their nitrogen 
content. 
Preparation of Antisera.—Full grown rabbits (5 to 6 
Ibs.) were used for the production of antisera. All ani- 
mals were bled prior to inoculation. Just before the time 
of use the M and P preparations were diluted with 
(0.88 M sucrose to contain approximately 0.1 to 0.2 mg. 
nitrogen per ml. 

The rabbits (2 to 3 for each M and P preparation) 
received 6 injections of 1 ml. each at 2 day intervals by 
the intravenous route. The materials were apparently 
non-toxic since the rabbits did not exhibit any ill effects 
from such treatment and no animals were lost during 
the entire immunization procedure. 

The rabbits were bled from the heart 7 to 9 days 
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after the sixth dose. Preliminary tests of the individual 
sera demonstrated closely related titers: therefore, the 
sera from rabbits receiving identical fractions were 
pooled. 

The sera were inactivated at 56° C. for 30 minutes 

and stored in the refrigerator at 4° C. Careful technique 
preserved the sterility of the sera and we did not use a 
preservative. 
Complement Fixation Tests —The complement (Lyo- 
vac) was titrated by the method described by Kent, 
Bukantz and Rein (14) for the determination of the 50 
per cent hemolytic unit. Three such units in 0.2 ml. were 
employed in all tests. Ten per cent egg albumin was 
added to the buffered physiological saline solution used 
for dilution of the complement while all other reagents 
were diluted with the buffered saline solution. Each M 
and P antigen was diluted to contain 0.0055 mg. of 
nitrogen per ml. 

The sera were diluted in twofold fashion and used in 
amounts of 0.2 ml. After addition of the complement 
and 0.2 ml. of antigen the mixtures were placed in the 
refrigerator for approximately 16 hours. After such in- 
cubation 0.4 ml. of sensitized sheep red cells (2 per cent 
suspension) were added to all tubes and readings made 
after a second incubation period of 30 minutes in a 
water-bath at 37°C. The highest dilution of serum 
giving a 2 + reaction was recorded as the titer. 

Test for Forssman Antibody.—The agglutination pro- 
cedure was used for routine tests. Equai volumes of di- 
luted sera and 2 per cent suspensions of sheep red cells 
were combined and incubated at 37° C. for 30 minutes. 
Readings were made after overnight storage in the 
refrigerator. 

Absorption Tests—Since the material for study was 
limited, absorption tests were restricted to the M 
antisera and the corresponding antigens. The sera were 
absorbed 2 times with sheep cells, the supernates di- 
vided, diluted 1:2, and combined with equal volumes of 
the M fractions. An incubation period of 30 minutes in 
the water-bath at 37° C. was followed by overnight stor- 
age in the refrigerator, after which the preparations were 
centrifuged at 20,000 X gravity for 1 hour and the super- 
nates used in tests. We used both the original sucrose sus- 
pensions and saline suspensions of mitochondria sedi- 
mented from the original preparations at 20,000 X grav- 
ity for absorption of the antibody. 


RESULTS 


General Properties of the Antigens and Antisera.— 
The M and P fractions are excellent antigens in 
that they stimulate the formation of antibodies of 
substantial titers. They are complex, rather than 
simple in nature since they exhibit organ, species, 
and fraction specificity. All fractions except those 
from the liver contain the Forssman antigen which 
is characteristic of mouse tissue preparations (9), 
(10). The heterophile antibody titers, as deter- 
mined by agglutination tests, were consistently 
much lower than those demonstrated for the M 
and P fractions in complement fixation reactions. 


The sera obtained prior to immunization gave 
negative reactions with the M and P fractions, as 
well as with the red cells of sheep. 

Agglutination procedures were used at times, 
and while positive reactions were obtained it is be- 
lieved that complement fixation tests furnished our 
most reliable data. It is emphasized that we are 
well aware that we used a very sensitive comple- 
ment fixation procedure. Many of our tests were 
repeated with less sensitive methods which re- 
duced all titers but did not alter the pattern of 
overlapping reactions. 

Our data are presented in 3 graphs, each of 
which depicts the comparative reactivity of anti- 
sera for either the M or P series of antigens. The 
serum titers were recorded numerically and then 
transferred to graph paper in order to express the 
relative titers for the various cytoplasmic compo- 
nents. The highest reading in any single titration 
of a serum was assigned the 100 per cent position 
and the others were given comparable ratings. For 
example, normal spleen M antiserum gave the fol- 
lowing titers for the M series of antigens: normal 
spleen 1:1280, leukemic spleen 1:2560, normal 
liver 1:160, leukemic liver 1:320, normal kidney 
1:320, leukemic kidney 1: 160. The reading for the 
leukemic spleen M antigen was therefore recorded 
as 100 per cent with the others in proper relation. 
For the sake of simplicity the numerical titers are 
not included but it is repeated that they were all 
of substantial nature and ranged from 1: 320 to 
1: 2560. 


The Reactions of Spleen Antisera with the Spleen, 
Liver, and Kidney Fractions—Graph I portrays 
the results of complement fixation tests using the 
spleen antisera and the cell fraction antigens 1iso- 
lated from the spleens, livers, and kidneys. The re- 
actions with the liver and kidney fractions are in- 
cluded for contrast purposes. | 

It is evident that each of the spleen M and P 
antisera—whether produced in response to cell 
components from normal or leukemic animals gave 
reactions with the fractions segregated from nor- 
mal and leukemic livers and kidneys, as well as 
those isolated from the normal and _ leukemic 
spleens. In no instance, however, did the titers 
with the liver and kidney fractions approach those 
obtained with the spleen components. As shown in 
Graph I the titers for the spleen fractions were 
from 2 to 16 times higher than those for the liver 
and kidney antigens. These differences thus con- 
fer upon the spleen antisera a marked degree 
of specificity. 

It is significant that these spleen antisera did 
not give positive reactions in complement fixation 
tests employing blood from either normal or leu- 
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kemic mice as antigens. This supports our assump- 
tion that the cytoplasmic fractions were free of 
serum proteins. On the other hand the same sera 
gave positive reactions with spleen, liver, kidney, 
and lung extracts prepared by various methods, 
thus indicating the species relationship between 
the intracellular components of the spleen and 
those of other mouse tissues. 

The most striking feature of the graph concerns 
the difference in the titers of the spleen antisera in 
favor of the leukemic antigens. All except the nor- 
mal anti-P serum gave 2 to 4 fold higher titers with 
the leukemic than with the normal antigens. As 
stated earlier in the paper, our antigens were di- 
luted at the time of test to give standard nitrogen 
values and every effort was made to secure uni- 
form dilution. Had these differences represented 
isolated observations we would not have regarded 
them as significant. However, their consistency, 
and their persistence upon repetition of titrations, 
could not be ignored. These findings could suggest 
a quantitative difference in some antigenic compo- 
nent of the spleen cell fractions which was not 
measurable entirely by nitrogen evaluation. The 
same significant difference in reactivity between 
normal and leukemic antigens appears in certain 
of the liver fractions. On the other hand the cyto- 
plasmic components from kidneys of these two 
groups of animals exhibited no such differences. 
Those quantitative differences interestingly paral- 
lel the probable leukemic infiltration of spleen, 
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Grapu 1.—The relative titers of the spleen antisera for the 
M and P fractions segregated from the spleens, livers, and 
kidneys of normal and leukemic mice. 


liver, and kidney. It would appear that there is an 
antigenic component present in both normal and 
leukemic spleens, but present in greater quantity 
in the leukemic than in the normal, which would 
explain the consistently higher titers with the 
leukemic antigen. 


Graph II presents the results of absorption 
tests. Each serum was absorbed with the normal 
and leukemic M antigens after 2 preliminary ab- 
sorptions with sheep cells. It is obvious that one 
exposure of the normal and leukemic sera to either 
the normal or leukemic antigen reduced, but did 
not remove completely the antibody for either 
antigen. 
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Grapu II.—Showing the relative titers of the spleen anti- 
M-sera for the spleen M fractions after absorption with the 
normal and leukemic M fractions. 


The data do not prove qualitative differences 
between the normal and leukemic antigens, but 
they point to the superior absorbing property of 
the leukemic fractions. The titer of the normal 
anti-M serum absorbed with its homologous anti- 
gen was reduced to 16 per cent of its original titer 
for the normal M component and to 17 per cent of 
its activity for the leukemic M fractions. When the 
same serum was absorbed with the leukemic M 
fraction the titers for both M antigens were re- 
duced to 12 per cent. Likewise, absorption of the 
leukemic antiserum with the leukemic M antigen 
reduced the titers for both normal and leukemic 
fractions to 12 per cent. In contrast, absorption of 
the same serum with the normal M antigen re- 
duced the titers for both antigens to only 25 per 
cent. The leukemic antigen thus removes more of 
the antibody from both the anti-normal and anti- 
leukemic sera than does the normal antigen. 

Graph III depicts the relative titers of the anti- 
spleen sera for their homologous and heterologous 
intracellular fractions. There is indication that the 
M and P fractions of the normal and leukemic 
spleen cells vary in antigenic pattern. Because of 
the limited materials our data are restricted to 
those derived from titrations, but it is apparent 
that each of the antisera gives the highest reaction 
with its homologous cytoplasmic antigen. The nor- 
mal anti-M serum exhibited a titer for the M frac- 
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tions which was 4 times that for the P fraction iso- 
lated from the same normal cells. In turn the nor- 
mal anti-P serum reacted with the P fraction in a 
dilution 4 times that demonstrated for the M anti- 
gen. The same differences are repeated with the 
leukemic anti-sera. The M titer of the anti-M serum 
is 2 times that for the P fractions, while the P titer 
of the anti-P serum is 8 times that for the M anti- 
gen segregated from the leukemic spleen. 

It is impossible at this time to draw conclusions 
regarding the character of the differences demon- 
strated between the cytoplasmic fractions of the 
individual cells. It should be repeated that each of 
these sera, whether from normal or leukemic mice, 
gave relatively higher titers with the leukemic 
than with the normal antigens. 
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GraPH III.—The relative titers of the spleen antisera for the 
homologous and heterologous cytoplasmic fractions. 


DISCUSSION 


Centrifugal fractionation of the spleens, livers, 
and kidneys of normal and leukemic mice by the 
method of Hogeboom, Schneider, and Pallade 
(11), yields cytoplasmic components suitable for 
serological study. The fraction designated “‘M”’ 
was believed to consist largely of mitochondria on 
the basis of morphology and staining properties. 
The fraction designated “‘P”’ included submicro- 
scopic particles which are assumed to vary in size 
and shape. 

Mitochondria have been shown by Claude (7), 
Hogeboom (11), Kennedy and Lehninger (13) to 
be chemically complex and to contain many differ- 
ent enzymes. The P fractions are also chemically 
complex but as yet enzyme activity has not been 
demonstrated. We have found that both the M 
and P components are composite antigens in that 
they stimulate the formation of organ, species and 
fraction-specific antibodies. All fractions except 
those from the liver were found to possess in addi- 
tion, the Forssman antigen. Antisera to the M and 
P fractions did not react in complement fixation 
tests with the sera of normal or leukemic mice, an 


indication that the cytoplasmic particles used as 
antigens were free of serum constituents. In gen- 
eral, these findings are in accord with those of 
Furth and Kabat (9), and Henle and his associates 
(10) in their studies of “cheavy particles” derived 
from a number of tissues, but by different methods 
which were developed in their laboratories. 

The M and P fractions used by us proved to be 
excellent antigens. Rabbits given 6 successive in- 
jJections of 1 ml. amounts of suspensions estimated 
to contain 0.1 to 0.2 mg. nitrogen developed sub- 
stantial titers.of antibodies. None of the cell frac- 
tions proved toxic to rabbits. This is in contrast to 
Henle’s experience (10) since he states that some 
of his organ particle suspensions produced death 
in a number of rabbits. 

Especial attention was paid to the spleen frac- 
tions since we were particularly interested in de- 
tection of cytoplasmic differences between the 
cells of the spleens of normal and leukemic mice. 
When the spleen antisera were tested with the M 
and P fractions derived from spleens, livers, and 
kidneys a marked specificity was demonstrated, 
since the titers for the spleen fractions were from 
2 to 16 times higher than those for the liver and 
kidney antigens. When it came to differentiation 
of fractions obtained from normal or leukemic 
mice we were not able to show qualitative differ- 
ences between either the M or P fractions from the 
2 groups of mice. In general the spleen antisera, 
whether produced in response to normal or leu- 
kemic cell fractions, gave higher titers for the leu- 
kemic than for the normal antigens. This superior 
combining power of leukemic fractions with anti- 
sera was again emphasized in absorption tests. 

Interpretation of this consistent difference in 
favor of the leukemic antigens is not easy. Since all 
of the antigens used in complement fixation tests 
were diluted to contain a standard amount of 
nitrogen, it is believed that these observations may 
indicate a quantitative difference in some antigenic 
component of the spleen cell fractions which was not 
measurable entirely by nitrogen evaluation. Inter- 
estingly, the same differences, but much less 
marked, appeared in the liver fractions but not in 
the kidney components, thus paralleling the prob- 
able extent of leukemic infiltration of spleen, liver, 
and kidney in the diseased host. 

Perhaps the most significant finding from our 
study had to do with the differences exhibited be- 
tween the M and P fractions derived from either 
normal or leukemic cells. The anti-M sera gave 
substantially higher titers with the M antigens 
than with the P antigens. Likewise the anti-P sera 
gave higher titers with the P than with the M frac- 
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tions. These may represent structural as well as 
reactive differences but this must be estab- 
lished by further work. While the fractionation 
technic employed (1) was believed to yield materi- 
als with high degree of morphologic and chemical 
integrity, it is difficult to accept the premise that 
either M or P fractions could be prepared which 
would not carry some trace of the other cell con- 
stituent. However, the fact that the titers for the 
homologous antigens ranged from 2 to 8 times 
those for the heterologous fractions suggests sub- 
stantial combining differences—perhaps a differ- 
ence in antigenic pattern. 

It is repeated here that all M and P antisera re- 
acted in higher titers with the leukemic than with 
the normal antigens. These findings reflect the ex- 
periences of several investigators who have re- 
ported that antisera to normal tissues react with 
tumor preparations even more strongly than with 
the homologous antigen. Dmochowski. (8) found 
that “immune sera against normal rat muscles 
contain antibodies which fix complement with rat 
tumor and rat.embryo heated extracts even more 
strongly than with homologous antigen.” He citse 
similar experiences of other workers. Kabat and 
Furth (12) found that precipitin tests did not “‘dis- 
tinguish”” between heavy materials from normal 
spleen and sarcoma. Nevertheless they show that 
the anti-normal serum gave slightly higher reac- 
tions with the tumor than with the normal spleen 
antigen and they state “the high speed deposit 
from spleen never reacted as strongly as that from 
tumor.” 


SUMMARY 


The M and P fractions from the spleens, livers, 
and kidneys of normal and leukemic mice are of 
complex nature in that they possess organ, species 
and tissue fraction-specific antigens. All except the 
liver fractions possess in addition the Forssman 
antigen. Antisera to the spleen fractions show sub- 
stantially greater reactivity for the spleen cyto- 
plasmic antigens than for the liver and kidney 
fractions. 

Antisera to all of the M and P fractions of both 
normal and leukemic spleens show greater reac- 
tivity for the leukemic than for the normal compo- 
nents. 

Antisera to the M and P fractions of normal and 
leukemic spleens exhibit specificity of reaction 


with the homologous M or P fractions. The nature 
of these differences must be established by further 
work. 
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The Effect of Walker Carcinoma 256 on the ‘Lotal 
Lipid Content of Rats" 


Gi. Miner, C.D. Strerman, AND J. J. Morron 


(Prom the Division of Cancer Research, Department of Surgery, The University of Rochester School of Medicine 
and Dentistry, Rochester, New York) 


The Walker carcinoma 256 growing in voung 
rats may contain 20 to 40 per cent of the animals’ 
total body nitrogen at death, A large proportion of 
the nitrogen in the neoplasm ts contributed by the 
body's tissues since the amount of nitrogen stored 
during the period of tumor growth is much smaller 
than the nitrogen content of the carcinoma. In 
fact, the rat usually has a net negative nitrogen 
balance during the pertod of tumor growth under 
our experimental conditions, The total nitrogen 
deficit (the algebraic sum of the net nitrogen bal- 
ance and the tumor nitrogen, the latter bearing a 
negative sign since the progressively growing 
tumor sequesters nitrogen) is considerable but 
constitutes a highly variable fraction of the total 
body nitrogen (2). It is apparent then that some 
other factor plays an important role in producing 
a fatal issue. 

EKarher observations indicated also that deple- 
tion of the rat’s body lipid progressed with growth 
of the Walker tumor. It now appears that the loss 
of fatty substances exceeds that caused by de- 
crease in dietary intake, a universal finding among 
our tumor-bearing rats. ‘This result suggests that 
growth of the Walker carcinoma 256 increases the 
caloric requirements of its host. 

Sexually mature rats derived from the Wistar 
strain were housed in individual, suspended, 
basket-type cages. They were fed the following 
diet: 


Casein, vitamin free Q5 
Sucrose 63 
Crisco 
Hubbell’s inorganic salts 4 

100 


The following mixture of vitamins was added to 
each 100 grams of diet: 


* This study was aided by a grant from the American Can- 
cer Society, on recommendation of the Committee on Growth, 
National Research Council. 


Thiamin hydrochloride 0.001 
Pyridoxine hydrochloride 0.001 
Riboflavin 0.002 
Inositol 0.0005 
Niacin 0.010 
Calcium pantothenate 0.010 
Choline chloride 0. 100 


The diet was mixed each week to preclude deteri- 
oration of riboflavin, Vitamins A and D> were pro- 
vided by feeding 0.25 ml. of cod liver oil USP. 
once weekly. A separate weekly supplement. of 
40 micrograms of 2-methyl-3-phytyl- t.4-naphtho- 
quinone was also fed. 

The rats were divided into pairs of the same age, 
weight and sex, One rat of each pair was allowed to 
eat the ration ad libitum, The other rat was fed the 
amount of diet consumed by the experimental rat 
during the previous period, A fragment of Walker 
carcinoma 256 was introduced by trocar into the 
subcutaneous tissue of the inguinal region of each 
of the rats in which dietary intake was not restrict: 
ed after the pairs had been observed for at least | 
week. The latent period of tumor growth was 7 to 
10 days so that a minimum period of 2 weeks of 
normal growth was observed for each pair. ‘The 
tumor-bearing rats were allowed to die of their 
neoplasms unless it appeared that ulceration of the 
tumor was imminent. The pair-fed controls were 
sacrificed at the end of the proper period. 

The tumors were dissected from the carcasses 
and dissolved at room temperature in a 30 pet 
cent solution of potassium hydroxide in 95 per 
cent ethyl alcohol. The gastrointestinal tracts were 
removed from the carcasses, opened from gastric 
cardia to anus, and cleaned. The carcasses were 
then dissolved in alcoholic solution of potassium 
hydroxide. The pair-fed control rats were treated 
in the same way. 

The various solutions were diluted to standard 
volume and aliquots taken for determination of 
total lipids by a gravimetric method. Each solv 
tion was adjusted to approximately pH 3 with hy- 
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drochloric acid and extracted with a mixture of 6 
parts of petroleum ether (BP 85° to 60°C.) and 
| part chloroform, ‘Phe solvents were evaporated 
from the lipid extracts tna stream of clean air in 
a tared flask, The residue was dried to constant 
weight over anhydrous calcium chloride, 

The pertinent data are listed in Table Tnitial 
weight refers to the weight of each rat at the time 
the first evidence of growth of the tumor trans- 
plant was detected and the weight of the pair-fed 
control at the corresponding time. Phe final car- 
cass weight indicates the weight of each tumor: 
bearing ral minus its tumor and the total weight 


TABLE 


CONTENT OF RATS BEARING WALKEM CARCENOMA 
AND THEIR CONTROLS 


wi, Whine Whine Difference 
IN GMB, iN GMB, iN Me, in cent 

4 I" 176 2ti 44 40 
Control I" 175 

Control I" 14 147 2 

25 M 205 176 
Control M 206 IHG 7.2 

Control I" 175 151 

2) M 22h 00 
Control M 251 

M 140 2.0 
Control M 10 166 41 

42 M 157 2.7 
Control M 26 4.2 

Control 145 74 

M 187 145 2.6 HY 
Control M 14.4 

42 I 174 7.4 $2 
Control I" 170 144 10.45 

47 M 280 4 
Control M 245 215 25.0 

57 140 105 
Control 140 Ish 15.0 

172 106 +44) 

50 200 142 2.9 ~ 
Control 196 205 2.7 

6] M 167 115 2.0 v1 
Control M 176 1KO 21.6 

4 M 220) 139 2.6 66 
Control M 220) 192 7.3 

65 M 208 164 4.5 
Control M 210 10s 15.0 

67 M 254 184 
Control M 246 200 7. 

71 M 163 12% 3.0 
Control M 157 16% 6.3 

7 M 250 174 $.5 —%! 
Control M 225 196 13.0 

15 I 185 127 2.2 —69 
Control Ir 195 165 7.2 

17 I’ 180 13: — 69 
Control I 176 174 17.2 

86 194 116 3.8 
Control 192 168 9.# 

M 210 131 —$5 
Control M 207 190 11.8 

105 M 248 160 2.1 —84 
Control M 256 242 13.2 


of each pairfed control, Mach of the rate bearing 
Walker carcinoma 256 lost more weight from its 
carcass than did its control although the difference 
in total weights of each pair was much leas strik- 
ing. ‘Three of the controls gained some weight 
Lhough the other 25 lost weight, whereas the tu- 
mor-bearing rats gained in total weight during the 
period of tumor growth, A terminal antemorten 
period of precipitate weight loss characterizes rats 
bearing the Walker tumor, This period is usually 
with almost complete anorexia but 
some Of the rate actually increase their food 
Hmplion during this stage although they do not 
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TUMOR WEIGHT / TOTAL WEIGHT 


Mig. 1. excess lipid lows unrelated to dietary intake in- 
creases as the Walker tumor forms a larger proportion of the 
total weight, 


gain weight. The three exceptional control animals 
were paired to tumor-bearing rats in which the 
latter phenomenon occurred so that the normal 
rats were able to increase their weight while the 
tumor-bearing rats lost. 

Kach of the rats in which Walker carcinoma 256 
grew progressively contained less total lipid (car- 
cass plus tumor) than did the pair-fed controls. 
‘This cannot be aseribed to decrease in dietary in- 
take since the control and tumor-bearing rats ate 
precisely the same amounts of food. It is reason- 
able to assume that the rats of each pair contained 
the same amount of lipid at the onset of tumor 
growth since they had grown at the same rate for 
at least two weeks before the tumors appeared. 
This is borne out by observations of four pairs of 
normal rats in which the total lipid content of 
members of each pair varied less than 9 per cent. 
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Furthermore, numerous data on the lipid content 
of normal rats from the same colony eating the 
same diet indicate that the usual concentration is 
9 per cent of body weight for females weighing 
140 to 190 gms. and males of 150 to 250 gms. The 
excess lipid loss unrelated to dietary intake in- 
creases as the tumor forms a larger proportion of 
the total weight (Fig. 1). The precise relationship 
cannot be defined from our data. 

It is probable that the depletion of total lipids 
affects chiefly fats though Aoki (1) found that the 
concentration of other lipid constituents was re- 
duced in rats bearing transplanted hepatomas. 
Fat is an important reserve of food for the organ- 
ism. It may provide energy when other sources 
fail. The greater loss of lipid in the tumor-bearing 
rat than in the pair-fed control suggests that 
growth of the Walker tumor imposes an increased 


energy requirement on its host under the conditions 
of our experiment. 


SUMMARY 


Sexually mature rats in which Walker car. 
cinoma 256 grew progressively lost significantly 
more total lipid than did pair-fed controls of the 
same age, weight, and sex. Apparently growth of 
the Walker tumor increases the caloric require- 
ments of its host. 
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The Volume of Cell Nuclei in Amputation Neuromas 
and in Neurofibromas” 


Rupotr Avrscnuut, M.U.Dr. AGANETA M. Frirsen, B.A. 


(From the Department of Anatomy, Univerity of Saskatchewan, Saskatoon, Canada) 


The volume of nuclei and the changes in size 
that occur In various types of cells have been the 
object of numerous investigations. It is generally 
agreed that in tumors the volume of the nuclei is 
often greater than that which is found in the nor- 
mal parent tissue. Also in skeletal musele after in- 
jury or denervation, the nuclei are increased both 
in size and in number so that the total nuclear 
mass contained in a single fiber 1s increased, 

The view has been advanced that in tumors this 
increased nuclear volume is due to an increase in 
chromosomic substance. In the case of damaged 
skeletal muscle the numerical increase of nuclei has 
been explained by ‘Tower as due to stimulation 
from the degenerating nerve endings. ‘This how- 
ever does not account directly for the increase in 
nuclear volume which precedes proliferation. A 
toxic stimulus from degenerating nerve fibers has 
also been assumed to be the cause of the nuclear 
proliferation observed in nerve regeneration (Sun- 
derland; Abercrombie and Johnson). In opposition 
to this view, one of us (R. A.) has advanced the 
opinion that “‘nucleosis” in damaged skeletal 
muscle and in damaged nerve is a release phenome- 
non due to a disturbance in pressure equilibrium, 
following the wasting of sarcoplasm, of axons or of 


nyelin as the case may be. The “decompression” 


of nuclei may elicit osmotic changes and imbibi- 
tion which would be directly responsible for the 
Increase in nuclear volume. Such an enlargement 
of nuclei would naturally then lead to nuclear pro- 
liferation, since, according to the interpretation by 
Spencer, formulated by Levi, nuclei divide when 
they reach a certain volume (“critical phase’’). It 
is well known to pathologists that Thiersch and 
later Ribbert assumed that loss of pressure or 
“tissue tension” was a cause of neoplastic growth, 
although they paid no particular attention to the 
reaction of the nuclei. 

Opposed to the role of toxic products as the 
basis of changes of nuclear volume and of nuclear 


* This work was supported by a grant from the Division of 
Medical Research, National Research Council, Canada. 


proliferation, and in favor of a mechanical inter- 
pretation, stand these facts: (a) ligation of severed 
nerves prevents the increase of nuclear volume; 
(b) tetanizing of skeletal muscle decreases the nu- 
clear volume almost immediately; (¢) curarizing of 
skeletal muscle with the ensuing muscle flaccidi- 
ty is followed by increase in nuclear volume; 
(d) relaxation of tension by cutting of tendons 
leads to an increase in nuclear volume (Altschul, 
2, 3). 

In a previous publication enlargement of nucle- 
ar volume in experimental amputation neuromas 
has been reported (Altschul, 2). In 8 cases de- 
crease of interstitial pressure was prevented by 
distal ligation of the stump. In seven of the eight 
cases no significant enlargement was observed. In 
hematoxylin-eosin preparations from four animals 
the ligated stumps showed a numerical increase of 
nuclei, which might be interpreted as neuroma- 
formation, but both in width and in length the 
masses were definitely smaller than in similar ex- 
periments without ligation. Silver preparations 
(Bodian) revealed in very few axons only an alter- 
ation In the form of growth clubs or Perroncito’s 
spirals. Thus it may be concluded that ligation of 
the severed nerve prevents or hampers neuroma- 
formation. This finding is in agreement with the 
statement of Chenilleau that ligation of severed 
nerves prevents neuroma-formation and with the 
observation of Edds that coating the cut end of the 
nerve with synthetic resin achieves the same effect. 
White and Hamlin prevented amputation neuro- 
mas by covering the stumps with closely fitting 
tantalum caps. 

There are other observations which support the 
view that the amputation neuroma owes its forma- 
tion to the splitting of the connective tissue sheath 
with resulting “decompression” of the sheath 
cells. In 1917 Dustin described a kind of herniation 
of the nerve if the connective tissue sheath was 
slit laterally. Denny-Brown and Brenner reported 
a bulging of nerve fibers following a rupture of the 
perineurium, which would indicate that the nerve 
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content is normally under a certain intraneurial 
pressure. If a nerve segment was resected but the 
connective tissue sheath preserved, no traumatic 
neuroma formed (Denny-Brown). This latter ob- 
servation seems to repudiate the theory of toxic 
stimulation since under these circumstances the 
degenerating nerve fibers should produce sufficient 
toxic substances to elicit the development of a 
neuroma. 

In our previous investigation we were able to 
present measurements from only one human am- 
putation neuroma. It seemed worthwhile therefore 
to extend the examination to include more of these 
human amputation neuromas. At the same time it 
appeared promising to investigate the nuclear vol- 
ume in neurofibromas (perineurial fibromas) and 
to compare it with that of normal nerves. 


mal nerve and could be used for the comparative meas. 
urements. 

The nuclear measurements were made on sections 
stained with hematoxylin-eosin or with iron hematoxy. 
lin without counterstain. 

The nuclei were chosen without regard as to whether 
they were neurilemma (Schwann cell) nuclei or nuclei of 
endoneurial fibroblasts. Length and width of the widest 
nuclei were determined by using a Zeiss ocular microm. 
eter and an oil immersion objective. All the measure. 
ments were made by one of us (A.M.F.). The widest 
nuclei were selected for measurement because in these 
nuclei perspective shortening is of less influence in com- 
puting the volume. In previous controls, nuclei chosen 
at random had also been measured; the results so ob- 
tained agreed completely with those where only the 
widest nuclei had been selected. It was not considered 
necessary to attempt to measure the depth of the nuclei 
since it was assumed that the cross section is a circle, 


TABLE 1 
AMPUTATION-NEUROMAS 


NORMAL SEGMENT NEUROMA DIFFERENCE 
No. Width* St. errort Length* = St. errort Vol.t Width* St.errort lLength* = St. errort Vol.t IN PER CENT 
1 5.277 + .123 10.854 + .$44 158.17 6.497 + .116 9.899 + .161 218.65 + 38.24 
2 5.224 + .§1SS 11.134 + .296 159.00 5.719 + .123 10.315 + .216 176.55 + 11.04 
3 5.586 + .142 10.7138 + .193 174.93 6.567 + .123 10.7138 + .255 241.76 + 38.20 
4 5§.551 + .107 11.3382 + .261 182.73 6.965 + .125 10.731 + .186 272 .41 + 49.08 
5 5§5.215 + .145 10.686 + .247 152.08 6.762 + .175 11.685 + .224 279 .60 + 83.85 
6 5.056 + .107 11. 287 + .335 150.99 6.612 + .121 11.685 + .210 267 .33 + 77.05 
7 4.932 + .096 11.66 + .225 148 .42 5.966 + .124 11.91 + .299 221.83 + 49.46 
8 4.906 + .13S 11.92 + .347 150.13 6.302 + .108 10.72 + .194 222.79 + 48.4 
9 4.605 + .108 11.296 + .287 125 .35 6.046 + .12] 11.933 + . 286 228 . 26 + $2.1 
10 5.533 + .114 11.199 + 179.41 6.523 + .110 11.553 + .2388 257.24 + 43.38 
ll 4.411 + .118 11.641 + .398 118.53 6.506 + .163 12.295 + .290 272 34 +129.8 
12 4.349 + .116 10.545 + .289 104.37 5.807 + .127 11.04 + .259 194.81 + 86.65 
NEUROFIBROMAS 
NORMAL SEGMENT Tumor 
1 6.178 + .186 10.412 + .208 207 .96 7.381 + .180 13.347 + .424 380.51 + 82.97 
2 4.508 + .160 9.776 + .309 103 .96 6.267 + .076 10.342 + .281 212.55 + 104.45 
3 5.768 + . 867 10.65 + .202 191.15 7.668 + .224 13.195 + .457 408.55 +130.0 
* In microns t Standard error t Volume in yp? 


MATERIALS AND METHODS 


Amputation (traumatic) neuromas and neurofibro- 
mas were received from the Army Institute of Pathol- 
ogy, Washington, D.C. (courtesy of Brigadier General 
R. O. Dart and Dr. W. Haymaker); from the Canadian 
Department of Veterans Affairs (courtesy of Dr. T. H. 
Williams); from the Department of Surgery, Columbia 
University (courtesy of Dr. Margaret R. Murray); from 
the Department of Pathology, University of Manitoba 
(courtesy of Dr. D. W. Penner) and from the Banting 
Institute, University of Toronto (courtesy of Dr. E. A. 
Linell). A great number of the amputation neuromas 
met the requirement of our technique, namely the pres- 
ence of normal nerve along with the neuroma in the 
same section so that the sheath cell nuclei of the growth 
could be compared directly with those of the adjacent 
nerve segment, which, although perhaps not completely 
normal, had not participated in the nuclear proliferation. 
However, in spite of the relatively large number of 
neurofibromas at our disposal (32), only three prepara- 
tions contained longitudinal sections of segments of nor- 


Although this is rarely completely true it’ has been 
established that in severed nerves (Abercrombie and 
Johnson; Denny-Brown) and in paralyzed muscle 
(Altschul, 3) the nuclei become rounder. If, therefore, 
we did oversimplify the calculation of the volume of the 
sheath cell nuclei, it is obvious that in amputation neu- 
romas at least we minimized rather than exaggerated 
the differences between nuclei in the normal segment 
and those in the stump. Therefore the differences as 
shown in the last column of the table if they are in- 
accurate are smaller than they should be. It is probable 
that the same considerations apply to the neuro- 
fibromas. 

From the length and the width the nuclear volume 
was calculated as a spheroid, $zab?. Thirty nuclei of 
the growth and thirty nuclei of the adjacent nerve seg- 
ment were measured in cases 1 to 14, and sixty nuclei 
in case 15. 

RESULTS AND COMMENTS 

The results are shown in Table 1. The nuclear 

measurements on the amputation neuromas paral- 
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lel those obtained in animal experiments. As a 
matter of fact, they are even more consistent. The 
results thus obtained support the thesis that en- 
largement and proliferation of nuclei follow sever- 
ance of nerve sheaths and are probably due to 
“decompression ”’. 

As to the neurofibromas, the small number of 
cases does not justify final conclusions. The fact 
that in our three cases of neurofibromas the sheath 
nuclei were much larger than those of the parent 
nerve, suggests that the factors at work here are 
similar to those in the amputation neuromas. This 
relation is emphasized if one considers the nature 
of the amputation neuroma, which, according to 
Ziegler is a “useless regenerative proliferation of a 
nerve stump, exceeding the physiological de- 
mand.”’ 

Tentatively the formation of neurofibromas 
may be considered as having been brought about 
by a hypothetical circumscribed weakness of the 
connective tissue sheaths by which intraneurial, 
but extranuclear, pressure would be lessened; this 
would allow for the enlargement and consequent 
division of cell nuclei. Such a hypothesis would be 
in line with the views of Thiersch and Ribbert. 
However, it should be pointed out that in the 
neurofibromas the degree of nuclear enlargement 
was more variable than was observed in the ampu- 
tation neuromas. 


SUMMARY 


The enlargement of nuclei in damaged skeletal 
muscle and in severed tendons and nerves is re- 
viewed. It is believed that a common factor in 
these different tissues 1s a decrease of extranuclear 
pressue leading to a secondary nuclear enlarge- 
ment which in turn may result in nuclear division. 

Sheath nuclei in twelve amputation neuromas 
and in three neurofibromas were measured. They 


were distinctly larger than the nuclei in the adja- 
cent normal nerve segments. Some relations be- 
tween amputation neuromas and neurofibromas 
are discussed. It is believed that in the former the 
nuclear increase is caused by a loss of pressure 
equilibrium, due to the severing of the connective 
tissue sheaths. It is possible that in neurofibromas 
some obscure weakness of the perineurium may be 
responsible for a similar loss of intraneurial but 
extranuclear pressure and thus for the ensuing nu- 
clear enlargement and proliferation. 
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Intratracheal Transplantation with the Brown- 


Pearce Careimoma*® 


Trheoporre Bronk, MAD. AND 


(Prom the Department of Pathologad Michael Reese Hoxpital, Chicago 16, and the Rurnham City 
Hospital, Champaign, 


Recently we became interested in studying the 
cellular components of bronchial seeretions in 
cases of pulmonary neoplasms, For this study it 
became necessary to have an experimentally pro: 
duced hing cancer in small laboratory animals, We 
required a tumor which grew in uniform fashion 
and which behaved biologically in similar manner 
in different animals of the same species, Kurth (1) 
reported on the inoculability of mice lungs to 
transplanted tumor cells, The following report is 
a deseription of the technique of transplanting 
into and producing tumor growth in the ling of the 
rabbit, 


MATERIAL AND METHODS 


Kor this study we used Brown-Pearce carcinoma 
of the rabbit. This tumor was originally discovered 
and deseribed by Brown and Pearce (2) in 1983. 
The tumor is a highly malignant epithelial neo- 
plasm which was first successfully transplanted by 
Brown and Pearce into the testes. The tumor 
spreads by way of the lymphatics producing wide- 


spread visceral) metastases. Histologically the’ 


tumor ts an undifferentiated, anaplastic carcinoma, 

Thirty-five rabbits were used for this study, 
Rabbits were chosen at random from stock sup- 
plies without regard to sex, color or weight. In 
general, large, adult, healthy rabbits free of 
respiratory infections, as far as could be ascer- 
tained, were chosen. Large rabbits were selected 
to facilitate larvngoscopy, the technique of which 
will be described below. 

Tumor tissue used for the transplantation was 
prepared as follows: portions of healthy, actively 
growing tumor were removed from stock tumor 
rabbits, using aseptic surgical technique. Necrotic 
portions of tumor were discarded. The tumor tis- 
sue was minced with a curved scissors and further 
crushed in a tissue press. A small amount of iso- 


* This work was aided by a grant from the Ira Frank Fund. 


t This Department is in part supported by the Michael 
Reese Research Foundation. 


tonte saline was added to the crushed tumor tissue 
in Sufficient quantity to produce a thiek suspen: 
sion, ‘This thick suspension was used for trans: 
plantation, 

Mor transplantation the rabbits were anesthe: 
Lived by intravenous administration of nenibutal, 
A solution containing 2 mg. of nembutal per ee, 
was administered intravenously until the animals 
were lightly anesthetized, About bee. of this sol: 
Lion per kilogram of body weight was usually re 
quired, With the animals anesthetized small, 
child's type, laryngoscope was introduced enabling 
direct: visualization of the vocal cords, A sive 8 
French rubber catheter was introduced through 
the laryngoscope into the trachea and gently ine 
serted to the bifureation, Two ce. of the suspension 
of tumor tissue whieh had been previously pre: 
pared was then injected with gentle pressure from 
a Luer syringe through the catheter into the 
lumen of the trachea. ‘The laryngoscope and 
catheter were then removed and the animal held 
ina vertical position to permit drainage by gravity 
of the injected tumor tissue into the lungs, 


RESULTS 

Successful tumor growth was obtained in 20 or 
88 per cent of the 35 rabbits transplanted with 
tumor by this technique. It should be noted that 
the six rabbits in which there was no growth of 
tumor all comprised a group which were trans: 
planted from the same batch of tumor tissue, The 
reason for the unsuccessful transplants cannot be 
determined, but it is quite likely that the tissue did 
not contain viable tumor cells. 

Animals were sacrificed at) varying intervals 
beginning at the 6th day after transplantation, At 
the 6th day tumor could not be identified grossly 
in the lungs. However, at this stage tumor could be 
readily identified microscopically (Figs. 1 and 2). 
On the 10th to 12th day following transplantation 
small nodules of tumor tissue could be identified 
grossly in the lungs and occasionally in the mucosa 
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Kia. 1. Brown-Pearce carcinoma nodule in lung, 
6 days after transplantation when tumor was not visible 
grossly. (Hematoxylin and eosin preparation. 100.) 

Kia. @.—Similar field as Fig. 1. (Hematoxylin and 
cosin preparation. 400.) 

Kia. 3.-Upper respiratory passages and Jungs of 
rabbit that died 4 weeks after intratracheal transplanta- 


tion with Brown-Pearce carcinoma. Note multiple tu- 
mor nodules throughout both lungs. 


ic. 4.—Larynx and trachea of rabbit that died 32 
days after intratracheal transplantation with Brown- 
Pearce carcinoma. Note tumor nodules in wall of tra- 
chea. 
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of the trachea and bronchi. Since in the early 
stages tumor was found only in the lungs, it seems 
likely that the tumor growth within the bronchi 
and trachea was secondary to the “primary” 
tumor within the lung. Death usually occurred be- 
tween the 21st and 38th day after transplantation. 
In animals which were permitted to die of tumor 
growth, both lungs were studded with myriads of 
tumor nodules measuring up to 1 cm. in diameter 
(Figs. 3 and 4). Death in these animals was usually 
due to asphyxia from occlusion of the stem bronchi 
by tumor masses and frequently superimposed 
pneumonia. Metastases to the liver were observed 
in a few cases. It should be pointed out that the 
absence of higher incidence of metastases was 
probably due to the fact that the animals died of 
the massive involvement of the lungs by the tumor 
growth before the neoplasm had had adequate op- 
portunity to become disseminated. 

Histologically the tumor nodules in the lungs 
were similar in their morphology to that originally 
described in testes and other organs. Necrosis of 
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the tumor occurred early. The tumor was very 
cellular consisting of masses of epithelial cells with 
very little stroma. The cells varied markedly in 
size and shape as well as intensity of staining re- 
action and numerous atypical mitotic figures were 
seen. The cells varied from round or oval to polyg- 
onal. They had abundant, coarsely granular cyto- 
plasm and pale, round or oval, vesicular nuclei con- 
taining one or more prominent nucleoli. In the ad- 
vanced tumor areas of necrosis were Common. 


SUMMARY 


A technique of transplanting tumors into the 
lungs of rabbits is described. Successful trans- 
plantations were accomplished in 29 of 35 rabbits 
used in this study. 
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Arginase Activity and Nitrogen Content in Epidermal 
Carcinogenesis in Mice” 


EUGENE ROBERTS AND SAM FRANKEL 


(From the Department of Anatomy, Washington University School of Medicine, St. Louis, Missouri) 


This is one of a series of investigations the pur- 
pose of which is to characterize the nitrogen 
metabolism of mouse epidermis in various phases 
of growth and in carcinogenesis. It was reported 
previously that mouse epidermis has high concen- 
trations of urea and preformed ammonia (1) and 
considerable arginase activity (2). The purpose of 
this communication is to report data on arginase 
activity in the epidermis of mice undergoing car- 
cinogenesis as a result of treatment with methyl- 
cholanthrene in benzene and in control mice. 
These include animals treated with benzene alone 
or with a dilute solution of croton oil in benzene, a 
non-carcinogenic irritant. Finally correlative data 
on total nitrogen, trichloroacetic acid-soluble ni- 
trogen (T'CA-soluble N), urea, and preformed am- 
monia contents will be presented. 

Reports in the literature give the general im- 
pression that the arginase activity of malignant 
tissues is higher than that of normal tissues, 
and this has led to the suggestion that the in- 
creased arginase activity may be associated with 
accelerated rates of protein synthesis and cell 
division (3, 4). Liver tumors, however, have much 
less arginase activity than the normal parent tis- 
sue (5). Probably the chief function of arginase in 
the liver is to form urea from arginine as part of 
the ornithine cycle. However, the function of ar- 
ginase in the extrahepatic tissues is not known. 
The presence of large quantities of urea and pre- 
formed ammonia (1), and the detection of free ar- 
ginine (6) and arginase activity (2) suggest the 
possibility that the ornithine cycle may also be 
operative in mouse epidermis. This is under in- 
vestigation at the present time. It has been sug- 
gested that arginase may participate in the trans- 
fer of the amidine group of arginine to glycine to 
form guanidoacetic acid in the kidney (7). This 
enzyme may also be concerned with the metabo- 
lism of the arginine-rich histones. None of the 
roles suggested for arginase in the cellular economy 


* Aided by grants from the U.S. Public Health Service and 
the Charles F. Kettering Foundation. 


has received suitable quantitative expression be- 
cause most of the methods for estimation of ar- 
ginase activity in crude tissue preparations have 
been inadequate in one or more respects. An im- 
proved procedure which has recently been de- 
veloped (2) was employed in the present study. 


MATERIALS AND METHODS 


Epidermis almost free of dermis was removed rapidly 
by scraping at room temperature (8) for the determina- 
tion of arginase activity. The tissue was chilled in a 
weighing bottle in an ice bath immediately after re- 
moval, weighed rapidly on a torsion balance, and homo- 
genized in a ground-glass homogenizer in ice-cold re- 
distilled water. An aliquot of each homogenate was em- 
ployed for the determination of total nitrogen by a 
semi-micro Kjeldahl procedure. Arginase activity was 
determined in aliquots of the freshly prepared homo- 
genate in the presence and absence of added Mnt* and 
in samples incubated in 0.05 M MnCl, for 5 hours at 
50° C. in the manner previously described (2). Only the 
results for activities measured in the presence of excess 
Mn** before and after incubation will be reported be- 
cause of the possibility of previous contamination of the 
epidermis with traces of activating ions. The results are 
expressed both on a fresh weight and on a total nitrogen 
basis. When the results were calculated in terms of dry 
weight of tissue the relative values differed little from 
those calculated in terms of nitrogen. 

The samples of epidermis employed for the determi- 
nation of total and TCA-soluble N were removed rapid- 
ly from the dermis at 50° C. on a constant temperature 
hot plate, weighed individually on a torsion balance, and 
then immediately placed in the calibrated tubes of small 
homogenizers containing water redistilled from per- 
manganate which had been placed previously in gently 
boiling water. The tubes were removed after 10 minutes, 
cooled, the volume adjusted so that the quantity of 
fresh tissue was approximately 50 mg. per ml. and the 
tissue was homogenized. One ml. of the homogenate was 
employed for the determination of total nitrogen. To 
2 ml. of the homogenate was added 0.5 ml. of 12.5 per 
cent TCA with stirring and the mixture was allowed to 
stand for 20 minutes. Nitrogen determinations were per- 
formed on aliquots of the filtrate. The filtrate gave no 
visible precipitate when more TCA was added or when 
picric acid, metaphosphoric acid, or a mixture of sul- 
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furic and phosphoric acids were added. Saturation with 
ammonium sulfate also had no effect. It is recognized 
that all known procedures for the precipitation of pro- 
teins from such complex mixtures give only comparative 
results. Nevertheless, when the conditions are carefully 
controlled valuable information can be gained about the 
relative qualities of nitrogen contained in higher and 
lower molecular weight fractions. The methods for the 
determination of urea and ammonia have been de- 
scribed previously (1). 

Adult female Swiss mice were painted with methyl- 
cholanthrene in reagent grade benzene (0.6 gm. in 
88 gm.), with 0.1 per cent croton oil in benzene, or with 
benzene alone. With one exception the experimental 
mice were sacrificed 5 days after the last application of 
the test material, and the control mice 5 days after the 
backs were shaved. The solutions were applied thrice 
weekly. The tumors studied were obtained from 2 lines 
of transplantable squamous cell carcinomata originally 
derived from primary tumors produced by the applica- 
tion of methylcholanthrene to the skin of a mouse. The 
analyses were limited to very small young tumors from 
which the connective tissue capsule and the small 
amount of central necrotic material were removed. 


RESULTS 


Arginase Activity in Normal Epidermis, Carein- 
ogen-treated Epidermis, and Tumors—Normal 
epidermis had only slight arginase activity prior to 
heating with Mnt+ (Table 1). However, after 
activating the preparations to the maximal extent 
under the conditions employed the mean value at- 
tained was 9 times greater than that found prior 
to activation. The arginase activity rose markedly 
after 3 paintings with methylcholanthrene in ben- 
zene so that even before activation the mean ac- 
tivity was greater than that of the normal epi- 
dermis after activation. The completely activated 
homogenate was approximately 3 times as active 
as the comparably treated normal tissue. After 11 
paintings with the carcinogen the arginase level 
was considerably lower than after 3 paintings but 
was still slightly higher than normal. However, 
when 24 applications were made over a period of 
8 weeks the arginase activity was reduced to slight- 
ly lower values than were found in the normal con- 
trols. Maximally activated homogenates of Tu- 
mors I and II were approximately 6 and 18 times 
more active than normal epidermis on a fresh 
weight basis and approximately 11 and 33 times 
more active when expressed in terms of total nitro- 
gen. These values were also considerably higher 
than those found after 3 paintings. The arginase 
activity of the tumors was relatively greater when 
the results were expressed on the nitrogen basis 
than when wet weights were employed because a 
given wet weight of tumor tissue contains only 
approximately one-half of the dry weight (8) or 


nitrogen (see Table 3) found in an equal fresh 
weight of normal epidermis. 

The results show clearly that the maximal po- 
tential arginase activity of the transplantable 
squamous cell carcinomata is much greater than 
that found in the other tissues of the carcinogenic 
series. The relative increase in activity on ineuba- 
tion at 50° C. with Mn++ was greater for Tumor I] 
than for any of the other tissues examined while 
that for epidermis receiving 3 paintings was the 
smallest. The physiological significance of this 
latter finding is not yet clear. With the exception 
of liver, Tumor IT exhibited the highest arginase 
activity of any tissue studied to date by the meth- 
od of determination employed (2). 

Influence of Benzene Alone and Benzene Con- 
taining O.1 Per Cent Croton Oil on Arginase Ae- 
tivity —Six and paintings with benzene alone 
produced approximately a two fold increase in the 
arginase activity of epidermis (‘Table 2). When 
benzene containing 0.1 per cent croton oil was ap- 
plied 6 times over a period of 2 weeks the arginase 
activity was normal. The hyperplasia which the 
latter solution produces, which is somewhat great- 
er than that resulting from benzene alone, regresses 
after cessation of treatment and does not result in 
tumor formation.' When the croton oil solution 
was applied daily for 6 days and the animals were 
killed on the day following the last treatment an 
even greater hyperplasia was found on histological 
examination than in the previous 2 groups. How- 
ever, in the latter tissue the arginase activity was 
lower than that found in the normal epidermis. 
These results indicate that the stimulation to 
growth of the epidermis by a non-carcinogenic 
agent does not necessarily result in an increase in 
the arginase activity of the tissue. Epidermis which 
had received 11 paintings with benzene had greater 
arginase activity and less hyperplasia than that 
shown by tissues receiving the same number of ap- 
plications of benzene containing the carcinogen. 

Total Nitrogen, Tissue Weights, and TC.A-soluble 
Nitrogen in Normal Epidermis and in Careino- 
genesis—The weights of epidermis per mouse were 
determined on samples obtained by heat from mice 
in which approximately equal areas were shaved, 
painted, and removed. It should be noted that in 
the tissue receiving 24 paintings with the methyl- 
cholanthrene solution there are projections of epl- 
dermis into the dermis. An undetermined portion 
of this material was left behind in the dermis when 
the separation was made. The area of epidermis 
used may also have been slightly smaller in the 24 
paintings material. 


1 Berenblum,’ personal communication, and unpublished 
observations in this laboratory. 
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TABLE 1 


ARGINASE ACTIVITY IN EPIDERMAL CARCINOGENESIS 
(Results are expressed in micrograms of urea liberated in the presence 
of Mn** under standard assay conditions) 

ARGINABE ACTIVITY 


After activation 
Micrograms Micrograms 


Before activation 
Micrograms Micrograma 


NUMBER OF NuMBER OF per mg. per mg. per mg. per mg. 
Tissue SAMPLES MICK fresh wt, total N fresh wt. total N 
73 27 586 
Normal 8 40 (1-10)|| (30-110) (19-37) (421-830) 
$7 O15 1,540 
§ paintings with MC* 10 30 (24-46) (448-842) (57-121) (1,120-2, 190) 
10 179 38 675 
11 paintings with MC 15 (5-18) (97-329) (31—59) (536-1, 090) 
2 4! 20 421 
24 paintings with MC 10 38 (0-4) (0-88) (16-25) (328-495) 
24 N95 165 6,690 
Tumor If 10 10 (10-68) (491-2,700) (64-257) (2,980-9, 360) 
39 1,579 479 19,400 
Tumor 10 10 (8-71) (330-2, 500) (160-721) (6, 620-27, 700) 


* Methyleholanthrene in benzene 
68th transplantation 
§ Average value 


t 6th transplantation 
|| Range of values 


TABLE 2 


INFLUENCE OF PURE BENZENE AND BENZENE CONTAINING 
0.1 PER CENT CROTON OIL ON ARGINASE ACTIVITY 
(Results are expressed in micrograms of urea liberated in the presence 


of Mn** under standard assay conditions) 
ARGINASE ACTIVITY 
Before activation After activation 
Micrograms Micrograms M icrograms Micrograms 
Numper or NuMBER OF per mg. per mg. per mg. per mg. 
Tissurt SAMPLES MICE fresh wt. total N fresh wt. total N 
3 73 27 586 
Normal 40 (1-10) (30-110) (19-37) (421-830) 
7 155 58 1,244 
6 paintings with benzene 6 20 (6-11) (121-192) (48-65) (1,090-1 , 400) 
13 165 65 1,167 
11 paintings with benzene 3 15 (5-21) (107-199) (40-81) (795-1 , 385) 
5 112 28 59F 
6 paintings with croton oil in benzene 6 11 (2-7) (46-195) (11-43) (253-949) 
6 112 18 347 
6 paintings with croton oil in benzene* 6 15 (4-9) (76-160) (12-27) (226-486) 


* This group of animals was partes on 6 successive days and the epidermis was analyzed on the day after the last treatment. All other experimental groups 
were painted thrice weekly and killed 5 days after the last painting. 


TABLE 3 
TOTAL NITROGEN AND TCA-SOLUBLE NITROGEN IN EPIDERMAL CARCINOGENESIS 


WEIGHT OF TOTAL 
EPIDERMIS NITROGEN TCA-sOLUBLE NITROGEN 
NuMBER OF NUMBER OF Mg. per Per cent of Per cent of Per cent of 
Tissur SAMPLES MICE mouse fresh wt. fresh wt. total N 
56 4.56 0.79 17.4 
Normal 7 30 (48-62) (3. 98-5 .05) (0.68—0. 84) (15.6-20.0) 
127 5.39 0.74 13.7 
3 paintings with MC* 12 29 (98-195) (5. 19-6. 08) (0.70-0.79) (11.6-17.5) 
92 4.76 0.82 17.2 
6 paintings with MC 5 15 (71-98) (4.64-5.00) (0.69-0 . 92) (14.8-19.9) 
59 4.66 0.95 20.3 
24 paintings with MC 10 32 (47-68) (4 . 82-5 .05) (0.84-1. 14) (18.1-22.1) 
2.28 0.23 10.1 
Tumor It 10 10 (1.97-2.61) (0.17-0. 28) (7.7-11 7) 
* Methylcholanthrene in benzene t 62nd transplantation 
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The weights of the epidermal sample per mouse 
showed an tnerease to my. per mouse after 
paintings from the normal mean value of JG uy, 
(Rable 8). Phe values dropped to and Jo 
Respectively, after Gand patatings with 
methvieholwnthrene. Phe total nitrogen showed a 
pattern of changes similar to that found in the 
Weights, nereasing markedly after paintings and 
decreasing thereafter, Tn contrast, the TC A-sol 
uble deeroeased after patntings and tnereased 
thereafter, Both the total nitrogen and RCA 
soluble N were lower tn the tumor studied because 
of the much higher water content of the tissue, No 
comparison of the weights of the transphinted 
tumors and the epidermal samples is possible, ‘Phe 
moan percentage of the total nitrogen found tn the 
TO A-soluble fraction deereased from tn the 
untreated controls to 18.7 after 8 paintings of the 
carcinogen, returned to per cent after Gap 


TABLE 4 


INELU RENEE OF PURE BENZENE AND BENZENE CONTAINING OOF PRR CENT CROTON 
ON NEPROGEN AND CON TRENT 


or Mir. per Per cent of Per cont of Her vont af 
Normal 7 80 (48 OY) (8 05) (0 GN O M4) (15. 6 80.0) 
4 10 1 
paintings with bengene (30. 77) (3.8 4 38) (2: 8) 
6 paintings with bensene (S740) (8.17 4 05) (0 (17 87.5) 
a 
paintings with croton oil in bensene (46 73) (3. 40 5 63) (100 1.01) (17.7 18.7) 


plications, and rose to 20.8 per cent after 24 apph- 
cations. ‘These changes were in the opposite direc- 
tions from the changes ino arginase activity, 
weights, and total nitrogen. In the tumor studied 
the percentage of TCA-soluble N owas 10.1, a 
value lower than that found in any of the samples 
of epidermis. This is consistent: with findings 
which showed that there is a marked decrease in 
the free amino acids in the tumors (6) and with 
the decrease in urea and ammonia to be reported 
in a subsequent section of this paper. 

Influence of Benzene Alone and Benzene Contain- 
ing OL Per Cent Croton Oil on Total Nitrogen, Tis- 
sue Weights, and TCA-soluble N-—Three applica- 
tions of benzene alone produced a slight increase in 
the average weight of the epidermis, while after 6 
treatments there was a slight decrease from the 
normal values (Table 4). There was a decrease in 
the total nitrogen content of these tissues and a 
concomitant increase in the TCA-soluble N. 
These changes resulted in a significant increase in 
the percentage of the total N found in the fraction 
not precipitated by TCA under our experimental 


conditions. However, in the receiving 
rapes with benvene eroton vil 
there was an tnerease tn the total nitrogen and a 
corresponding tnerease tn the POW soluble the 
ratio of the (wo remaining to the normal range, 
Ureaand Ammontain Epidermal Carcinogenesia 
Three applications of in 
benvene produced a deerease of area nitrogen trom 
TT percent to bb per eent 3), No 
Further deeroase took place in tissues 
receiving G and paintings of the eareimogen, 
There was also oa fall to per cent in the 
epidermin of mice which had received methyleho: 
anthrone contained mixture of benzene and 
lanolin (0.6 in 88 prams 
of a mixture containing equal weights of lanolin 
and benvene). has been shown that when lanolin 
vlone is the solvent for methyleholanthrene the 
action is prevented, although the tis: 


sue is sensitized to further applications of the 
carcinogen contained in pure benzene (9). Methyl 
cholanthrene contained mixture of benzene 
nnd lanolin also does not exert its customary ae 
tion (10). Phe sebaceous glands are not destroyed 
and littl: if any hyperplasia occurs. [tL is, there 
fore, apparent that the decrease in urea observed 
in the animals receiving methylcholanthrene in 
benzene does not necessarily depend on the de- 
struction of the sebaceous glands, which occurs 
after 8 paintings, or on the production of the in- 
tense hyperplasia which is usually induced by this 
treatment. The application of a dilute solution of 
croton oil in benzene, a non-carcinogenic agent, 
was previously reported to produce a decrease in 
epidermal urea (1) comparable to that produced 
by methylcholanthrene in benzene in the present 
study. It can, therefore, be concluded that agents 
other than carcinogens can induce a marked de 
crease In epidermal urea. No significant changes 
in the ammonia content of the treated tissues were 
observed with the possible exception of the de- 
creased ammonia level in the tissue treated with 
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methyleholanthrene contained tn the mixture of 
henvene and lanolin, 

Themen of the tren and eon 
tenty of the studied were 
lower Thin Chose shown either by the hyperplastic 
or Phe samples obtained from the 
pave elowely ean 
values to Those obtained from the 62nd 
tation of values for were 
vlightly higher Chan Chose for bat were, 
nevertheless, lower Chan Chose for any of the 
of 


DISCUSSION 


The pattern of changes arginine netivity: re 
ported tn the present study differs from that 


Changes toa number of other constituents studied 
lo date (10) were not The those shown by the ae 
metivily, 

The inerensed arginnse aetivity after painting 
WIth benzene waa necompaniod by an inerense over 
normal of the percentage of the total N found in 
the TCA soluble fraction, while the elevation in 
nelivily found tn receiving 
printings Of and the much 
yrenter merenses in the carciomata were aecom 
panied by in the proportion of TOA 
soluble No this apparent that there ta ne ob 
vious correlation between these whieh 
would hold for of the tissues How 
ever, in the series Changes 
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reported previously for eytochrome ¢ (11), 
chrome oxidase (12), suecinie dehydrogenase (12), 
and adenylpyrophosphatase (1), None of the 
other enzymes showed any significant changes 
from normal after 3 paintings with methyleholan- 
threne, while arginase increased three fold after 
this treatment. When the results were expressed 
on a wel weight basis, Tumor | had 6 times as 
much arginase activity as normal epidermis, while 
the succinic dehydrogenase and adenylpyrophos- 
phatase activities increased two and three fold, 
respectively, and the cytochrome oxidase activity 
and the cytochrome ¢ content were below the nor- 
mal levels. In addition, pure benzene produced a 
doubling of the arginase activity while not exert- 
ing any influence on the other enzymes studied. 
There is some parallelism in the changes exhibited 
by arginase activity and those previously reported 
for cytoplasmic ribonucleic acid in similarly pre- 
pared material (14). On the other hand, the 
Changes in desoxyribonucleic acid content were 
altogether different (15) and the patterns of 
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activity were consistently correlated with changes 
of opposite sign in the percentage of the total N 
accounted for by the TCA-soluble N. The samples 
of epidermis receiving 3 paintings with methyleho- 
lanthrene were more like the tumors with respect 
Lo arginase activity and TCA-soluble N than were 
any of the other samples of epidermis examined, 
The greatly increased epidermal weight and nitro- 
gen content after 3 paintings suggest that the rate 
of protein synthesis is greater in this tissue than 
after a greater number of applications of the car- 
cinogen. 

The changes in urea level in carcinogenesis were 
not parallel to the changes in arginase activity. 
Kven if arginase activity were entirely responsible 
for the urea content of epidermis, factors such as 
substrate concentration and cell permeability 
would play a role in the regulation of the tissue 
content of urea. Also if the ornithine cycle should 
be shown to exist in epidermis, arginase would only 
be one of a number of enzyme systems upon which 
the formation of urea would depend, and it is en- 
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tirely possible that some of the other reactions 
would constitute the rate-limiting steps the 
process. Th this connection it is interesting to note 
that liver tumors have been shown to retain some 
of the arginase activity of normal liver but not the 
ability to convert ammonia to urea (17). Phe quan. 
titative changes in urea in carcinogenesis resemble 
those reported for ealetim CIS) rather than those 
found tn the nitrogen fractions reported in the 
present paper. On the other hand, the pattern of 
changes ammonia in carcinogenesis was similar 
to that found for the PC A-soluble No is inter: 
esting that the mean values for urea and ammonia 
in tumors were closely similar to those previously 
found in mouse liver and in embrvonic epidermis 
(1). The changes tn urea level in cA 
were negatively correlated with alterations in 
water content, stnee there was an inerease in water 
content over normal in the hyperplastic tissues 
and a further inerease (8) th tumors at the same 
time that progressive decreases urea content 
were recorded, 

Although the free arginine content fell from rela- 
tively high levels in normal and hyperplastic epi 
dermis to values below the limits of detection im 
the tumors (6), the tumor tissue as a whole had the 
same content of arginine as normal epidermis (19), 
This indicates that the rapidly growing carcinoma 
is able to obtain arginine at a sufficiently rapid 
rate for protein synthesis in spite of the extremely 
low level of free arginine. The arginase activity of 
the carcinomata, which has been shown to be much 
greater than that of normal or hyperplastic epider- 
mis in the present study, might be a factor limiting 
the quantity of arginine available for protein syn- 
thesis and thereby limiting the growth of the 
tumor, 

SUMMARY 

1. Determinations were made of arginase ac- 
tivity, total nitrogen, trichloroacetic acid soluble 
nitrogen, urea, and preformed ammonia in mouse 
epidermis treated with pure benzene or benzene 
containing croton oil or methylcholanthrene, and 
in transplantable squamous cell carcinomata origi- 
nally derived from the skin of mice painted with 
methylcholanthrene solution. 

All of the tissues studied showed a marked 
increase in arginase activity upon heating at 
50° C. for 5 hours in 0.05 M MnCh. 

3. The arginase activity, total nitrogen, and the 
wet weight of the epidermis per mouse all increased 
to a maximum after 3 paintings with benzene con- 
taining methylcholanthrene and decreased after 
subsequent applications of the carcinogen. The 
maximal mean value for arginase activity was 3 
times that found in the untreated epidermis. The 
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pervontage of the total nitrogen found the 
TO Acsoluble fraction was lowest after 

4. Tn Tumors the mean arginase ae. 
livities were approximately and tines, pe 
apoctively, that of the normal epidermis on a wet 
weight basis and Eland times on a total nitro. 

Hen basis. The percontage of the total nitrogen 
in the PCA soluble fraction of the tumor 
samples studied was lower than in any of the sam: 
ples of epidermis, 

Six and paintings of benzene alone pro: 
duced a two fold tnerense in arginase activity, 
deerease in total nitrogen content, and an inerease 
In PO A-soluble nitrogen, 

Three applications of methyleholantheene in 
henxene caused a decrease in epidermal urea in 
adult mice to approximately 55 per cent of the 
normal value. No further decrease took place in 
issues receiving 6 and paintings of the carcino: 
gen. No sitnifieant changes from normal were 
noted in the ammonia content of these 

7. The level of urea decreased further in tumors 
toa value approximately one-third of that found 
In normal epidermis and the ammonia deereased 
lo approximately the same extent, 

The results were discussed with special 
erence to previous studies made on similarly pre: 
pared material, 
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‘Tissue Culture Experiments on the Biological Action 
of Methyl bis (g-Chlorethyl) Amine and 
Its Hydrolysis Products 
(Krom the Strangeways Research Laboratory, Cambridge, 


INTRODUCTION vestigation concerns the action of methyl 
The B-chlorethylamines differ chemically from chlorethyDamine on fibroblasts cultivated vitro, 
mustard yas and its analogues (the s-chlorethyl was made during and HAS on behalf of the 
sulphides), whose effects on tissue culture were Chemical Defence Research Department of the 
deseribed in previous communications (5, 8), only Ministry of Supply, and was originally deseribed 
in the replacement of a sulphur atom by an amino. two confidential reports We are indebted to 
radical, In many respects, the biological effeets of | the Chief Serentist of the Ministry of Supply for 
the two classes of compound are similar, especially permission to publish the results, 
in their growth-inhibitory action on tissues whieh The experiments were made with the free base, 
are ina state of active proliferation (6), and for (compound TD). Tn aqueous solution, this under: 
this reason the “nitrogen mustards” in particular goes a complex series of reactions. The first stage, 
have already found clinical application, eg inthe achieved rapidly, involves eyelisation to the qua 
treatment of Hodgkin's disease. ‘Phe present ine ternary ethylenimonium chloride, (compound TD; 


| 
(I) (11) 
A slower second stage vields either the mono- or die hydroxy compounds, (IEE), (IV) or (V): 
OH 
| 
(111) (IV) 
and 
CH OF 
N 
methyl diethanolamine, (V); or the piperazinium dimer: 
(VI) 
(Hornby et al, 7). 
* Foulerton Research Fellow, Royal Society. + Now Reader in Physics at Guy’s Hospital Medical School, London, 
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The aqueous solutions of methyl 
ethyDamine develop an mente Loxteity best 
elon omice), assoctited with a rapid convulsive 
and Jethal welion, and remain toxie maefinitely 
($). neutral solution, the toxicity ts 
reached after about two days, has been 
uted to the produet, or te 
the eyelined form, (PV), into whieh ih ia converted 
on Phe dimer ia not toxte, Phe effects on 
fbroblosts of the crude aqueous solutions of the 
have oof the hydrolysis products 
presenti them are deseribed tn this paper 


MATERIAL AND METHODS 

The tissue wae obtamed from the choroid and 
wlerotie of Th to day eliek embryos and wis 
grown by the ordinary hanging drop method ont 
inch square coverstipas the cullure wae a 
mixture of equal parte of plasma, to whieh the ae 
live agents were added as described later, and of 
embryo extract made with Pannett and Compton's 
saline. Phe collures were used for experiment after 
one or two passages in normal medium; for his 
Lologient study they were fixed ind per cent acetic 
alcohol for to minutes, stained with Mhrheh's 
haematoxylin, and mounted whole in Canada 

MAPERIMEN TAL 
The effect of liquid chlorethylamine on cella in 
vilro, 

The coverslips carrying the hanging-drop prepa- 
rations were removed from the hollow ground 
slides and the cultures were placed in contact with 
drops of the liquid base on flat slides, the cover- 
slips being supported on two strips of paraffin wax 
painted across the glass. The preparations were 
then re-sealed with wax and either observed on a 
microscope stage maintained at body temperature 
or returned to the incubator for various periods 
before being fixed and stained, 

Linmediately after the cells were in contact with 
the liquid, the fat globules in the cytoplasm began 
to swell rapidly, and in a few minutes the cells 
hecame heavily laden with refractile droplets pre- 
cisely as in cultures treated with liquid mustard 
yas (5), Sometimes the infiltration was so complete 
that the globules fused with each other and the 
cells appeared as silvery, homogeneous bodies. 

Apart from the infiltration of the protoplasm 
with droplets of the chlorethylamine, the cytologi- 
cal effects of this substance were very different 
from those of liquid mustard gas. Whereas the 
latter immediately coagulated the protoplasm, so 
“fixing” the cell with little distortion of either 
nucleus or cytoplasm, the liquid chlorethylamine 
caused both nucleus and cytoplasm to shrink con- 
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Hinnously for some tine after ite application, and 
although slow coagulation then began as indi 
cated by the absence of Drownian movement in 
wile the cell and «certain cigidity of ite surface, the 
never opaque and refractile as 
in Cultures treated with mustard gas, When the 
excess quid wae drained away, that infiltrating 
the celle disappeared and their stracture could be 
in detakh They appeared greatly at 
lenuated, them outlines were indistinet, and there 
nucle extremely pyenotic, again in strong con 
trast to the celle of cultures treated with bquid 
prom (Mig. 


Vhe cffeed of the chlorchylamine vapour on cella 


1, Saturated vapour, Vhe coverslip of each prepa 
ration was rained, a single drop of the liquid 
Chlorethylamine was placed in the hollow of the 
slide below but not in contact with the tissue, and 
the coverslip was then resealed in position with 
paraffin wax and the culture was incubated. In the 
small volume (2 to enclosed in this arrange- 
ment, equilibrium between liquid and vapour was 
rapidly established, and the cultures could be as- 
sumed to be in contact with the saturated vapour. 

When observed on the warm stage of the micro- 
scope, the cells were seen rapidly to withdraw their 
cytoplasmic processes; they often became de- 
tached from the glass and threw out from the sur- 
face balloon-like protrusions which continually 
broke off, the cells disintegrating without coagula- 
tion (Mig, 2). Saturated mustard gas vapour 
causes little distortion because, like the liquid, it 
quickly cougulates or “fixes” the celle (5). 

2. Vapour at lower pressures. Yor studying the 
cytological effect of lower concentrations of the 
vapour of chlorethylamine, a narrow inlet tube 
was incorporated in the wax seal so that one end 
opened into the air space of the culture chamber, 
as was described previously (5). A small drop of 
the liquid could be introduced into the tip of the 
inlet pipe, the outer end of which was then sealed 
with paraffin wax. The vapour diffused slowly 
down the tube, and the vapour pressure in the air 
space increased only gradually. 

The effect of the chlorethylamine vapour was 
indistinguishable from that of mustard gas vapour 
under similar conditions. The cells gradually with- 
drew their long processes, while balloons of ac- 
tively streaming cytoplasm were continually pro- 
truded and withdrawn at the surface. The shape 
of the cell and its nucleus became more and more* 
distorted and fantastic, and small vacuoles often 
appeared in the interior; eventually the cells 
broke down. 
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All the cultures were fixed in acetic alcohol, stained with 
Ehrlich’s haematoxylin and mounted whole. Magnification: 
X875. (Photographed by Mr. V. C. Norfield). 

Fic. 1.—Four-day culture of fibroblasts incubated in con- 
tact with liquid chlorethylamine for 30 mins., then fixed and 
stained. Note the pyenotic nuclei and the indefinite outline of 
the greatly attenuated cytoplasm. 

Fig. 2.—Similar culture incubated in contact with satu- 


rated chlorethylamine vapour for 30 mins. before being fixed 
and stained. The cells are greatly deformed and beginning to 
disintegrate. 

Fic. 3.—Culture of fibroblasts grown for 2 days in me- 
dium containing 200 y/cc. of methyl diethanolamine. Note 
the shrunken nuclei and enormously vacuolated cytoplasm. 

Fig. 4.—Normal (control) culture of fibroblasts from the 
same experiment as the preparation shown in Fig. 3. 
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effect on cells in vitro of low concentrations 
of methyl dissolved in 
the culture medium, (Table 1), 

Mor these expertments, cullures were grown for 
two days in normal medium. They were then 
grouped into a number of equivalent sets of six and 
each set was transferred to medium containing: a 
known concentration of chlorethylamine, one set 
heing returned to normal medium as a control, 
After a further two days’ incubation the cultures 
were fixed and stained, Phe deseriptions in Table | 
refer Lo their condition at the end of this second 
incubation pertod, 


TABI 


the end of the firat day, when 5 of the 6 cultures 
had no outgrowth at all, and the sixth very little, 
A sudden, surprising improvement occurred dur- 
ing the second 24 hours; the behaviour of the eul- 
Lures suggested that the toxieity of the medium 
wis diminishing, so that ifa culture was not killed 
al the beginning of the experiment, it was subse: 
quently able to revive and grow, Tt seemed that 
the culture medium itself might be exerting a 
detoxicating action, and this possibility was in- 
vestigated in experiment &, 

Kaperrment 2. A solution of 0.01 ce. of the 
Chlorethylamine in 10 ce. plasina was incubated 
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SUMMARY OF EXPEMIMENTS SHOWING (A) THE KER ECT ON GROWTH OF CON. 
CENTRATIONS OF METHYL IN THE CULTURE 
(1) THE DETOXICATING ACTION OF PLASMA ON THE CHLOMETHYLAMINE, 


Concentration of 
chlorethy lamine 


ine Conditions of preparation No. of (arowth after 
No, of exp, of chlorethylamine solution cultures 4% 
00 Control (5 
0.5 Added just before use 6: +++ 
50.0 (3 + + 
( + 
50.0 Added just before use 4 
50.0 Incubated 24 hours in plasma (5 6: ++ 
(i: + 
100.0 Added just before use (5 i: 4 
4: 
100.0 Incubated 24 hours in plasma ++ 
200.0 Added just before use — 
200.0 Incubated 24 hours in plasma és 6: ++ 
0.0 Control (5 6: +++ 
200.0 Added just before use + 
200.0 Incubated 24 hours in plasma / 


= good growth; +4 fairs + poor, + very poor; ~ no growth, 


Experiment 1. The experimental culture media 
contained respectively 0.5, 5.0 and 50.0¥ per ce. of 
chlorethylamine. They were prepared by vigor- 
ously stirring 0.01 cc. of the liquid with 10 cc. of 
fowl plasma at room temperature until it had dis- 
solved. Portions of the solution were further di- 
luted with appropriate volumes of plasma and im- 
mediately chilled at 0° C. The final clots to which 
the cultures were transferred were composed of 
equal volumes of embryo extract and of these 
plasma dilutions. 

Table 1 shows that by the end of 2 days’ incuba- 
tion, a concentration of 507 per ec. of the chlor- 
ethylamine had produced a slight but definite 
inhibiting effect on growth. This retardation of 
growth, however, was much more pronounced at 


for 24 hours at body temperature. Culture media 
were prepared from it, as described above, to con- 
tain respectively 50, 100 and 2007 per cc. of the 
base in the clot, and a set of cultures was trans- 
ferred to each of these media. Three further sets 
were transferred to media containing the same 
concentrations of chlorethylamine, which had 
been prepared without the initial incubation. It 
was found (Table 1) that whereas a concentration 
of 2007 per cc. prepared immediately before use was 
lethal to the cells, the same concentration prepared 
from the chlorethylamine solution in plasma 
which had been incubated for 24 hours, had little 
effect on them. 

This result was confirmed in Experiment 4, 
which was a repetition of experiment 2 at the high- 
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est concentration of the agent. Of 18 cultures 
transferred to freshly-prepared medium containing 
2007 per cc. of chlorethylamine, only 1 showed 
slight growth; this exception may have been due to 
a slightly uneven distribution of the agent in the 
clot. On the other hand, 18 cultures in the same 
concentration of chlorethylamine prepared from a 
solution which was initially incubated for 24 hours, 
grew almost or quite as well as did the controls. 


TABLE 2 


EXPERIMENT SHOWING THE EFFECT ON THE DETOXI- 
CATION OF METHYL BIS(6-CHLORETHYL)AMINE BY 
PLASMA, OF VARYING THE PERIOD OF INCUBATION 


Concentration of 
chlorethylamine Incubation period of No. of 


No. of | in medium chlorethylamine cultures Growth after 
Exp. (y/ce) in plasma used 48 hours 
4 0.0 Control 6 6: +++ 
200.0 2 hours 6 6: — 
6 6:-— 
++ 
12 6 2: + 
15. 
24 6 6: ++ 


It may therefore be concluded that: (1) the lethal 
concentration of “‘untreated”’ methyl b7s(8-chlor- 
ethyl)amine for fibroblasts in vitro is between 100 
and 2007 per cc.; (2) incubation in plasma di- 
minishes the toxicity of this substance. 

The sublethal concentrations of chlorethyla- 
mine, though not preventing cell growth, were not 
without effect, and the cultures grown in them dis- 
played many abnormal mitotic figures. Clumping 
and fragmentation of chromosomes, multipolar 
figures and multinucleate cells derived from ab- 
normal divisions were fairly common, though less 
abundant than in cultures grown in sublethal con- 
centrations of mustard gas (5, 8). 


IV. Observations on the detoxicating action of 
plasma on methyl bis(B-chlorethyl)amine.— 


1. Variation of the degree of detoxication with the 
time of incubation in plasma, Table 2, Expervment 4. 


0.01 cc. of liquid chlorethylamine was added to 5 
ec. of plasma in each of 4 glass stoppered tubes, 
which were vigorously shaken and incubated at 
37° C. for 2, 6, 12 and 24 hours respectively. Each 
solution was diluted with fresh plasma shortly be- 
fore use so as to give a concentration in the culture 
clot of 200y per cc. of free base, i.e. the lethal con- 
centration when there has been no previous in- 
cubation. A set of 6 cultures was grown in each 
medium, and a control set in normal medium. The 
results are summarized in Table 2. Under the con- 
ditions of the experiment, there was no detoxica- 
tion until after 12 hours’ incubation in plasma; 
detoxication was not advanced until after 24 
hours’ incubation. 


2. The effect on detoxication of increasing the con- 
centration of the chlorethylamine in the parent soly- 
tion. Table 3. Experiment 5.'To 10 ce. of plasma ip 
each of 4 tubes were added respectively 0.01 ce, 
0.05 cc., 0.2 ec., and 0.5 ec. of liquid base. The 
tubes were thoroughly shaken and were then ip- 
cubated for 24 hours. Each solution was diluted 
with fresh plasma immediately before use to give a 
concentration of 2007 per cc. in the final culture 
medium, and each was tested on a set of 6 cultures: 
a control set was kept in normal medium. The 
detoxicating action of the plasma, as can be seen 
from the table, decreased with increasing concen- 
tration of chlorethylamine. 


V. The effects on cells in vitro of “aged” aqueous 
solutions of methyl bis(B-chlorethyl)amine.— 


1. Comparison of the influence on the toxicity of 
the chlorethylamine of incubation in (a) saline, 
(b) plasma. Table 4. In experiment 6, 3 sets of cul- 
tures were grown in media containing 50, 100 and 
2007 per cc. respectively of chlorethylamine which 
had been previously incubated at 37° C. for 24 
hours in Pannett and Compton’s saline; 3 other 
sets were grown In media containing the same con- 
centrations of base which had been similarly in- 
cubated in plasma. The parent, incubated solu- 
tions each contained 0.025 cc. of chlorethylamine 
in 5 cc. of the “solvent”; after incubation the 
plasma solutions were diluted with fresh plasma 
and the saline solutions with embryo extract in 
such a way that all the culture clots ultimately 
contained the same proportion of embryo extract. 


TABLE 3 


EXPERIMENT SHOWING THE EFFECT ON THE DETOXICA- 
TION OF METHYL bis(@-CHLORETHYL)AMINE OF RAIs- 
ING THE CONCENTRATION OF BASE IN THE PARENT 
SOLUTION. INCUBATION PERIOD: 24 HOURS. 


Concentration of 


chlorethylamine Volume of chlor- No. of 
No. of in medium ethylamine in 10 cc. cultures Growth after 
exp. (y/cc) of parent solution used 48 hours 
5 0.0 Control 6 6: +++ 
& ++4 
200.0 0.01 ce. 6 
" 0.05 , 6 6: ++ 
= 
0.20 , 6 
0.50 , 6 


Of the 18 cultures transplanted to medium con- 
taining the saline-incubated chlorethylamine, only 
2, both in the lowest concentration, 1.e. 50y per cc., 
showed any growth. In contrast, all those grown in 
the media with plasma-incubated chlorethylamine 
grew except one in the 200y per cc. concentra- 
tion. The detoxicating action of the plasma in this 
experiment appeared to be rather less than in 
earlier ones. 
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2. Increase in toxicity of the chlorethylamine after 
incubation in saline. Experiment 7. Table 4. Sets of 
cultures were grown in media containing 50 and 
1007 per ce. of the agent, which had been prepared 
from (a) fresh chlorethylamine added immediately 
before use, (b) chlorethylamine incubated in Pan- 
nett and Compton’s saline as in experiment 6, and 
(c) chlorethylamine similarly incubated in plasma. 
The results set out in Table 4 show that at a con- 
centration of 507 per cc. the untreated base did 
not prevent, though it greatly restricted, the 
growth of the cultures, whereas the chlorethylam- 
ine which had been incubated in saline for 24 
hours completely inhibited it, and the agent in- 
cubated in plasma was again largely detoxicated. 


of Pannett and Compton’s saline and incubated 
for 24 hours: an equal volume of saline was then 
added and the solution incubated for a further 24 
hours; (f) 0.1 ce. of chlorethylamine was shaken 
with 2.5 ce. of saline and incubated for 24 hours; 
an equal volume of serum was then added and the 
solution incubated for a further 24 hours. All the 
solutions were diluted with fresh plasma imme- 
diately before use in such a way as to produce in 
the final culture media containing solutions (b) to 
(f) a concentration equivalent to 200y per cc. of 
the free base, 1.e. the concentration found to be 
lethal to cultures in the earlier experiments. A set 
of 6 cultures was transferred to each medium. 
The results are set out in Table 5. Serum and 


TABLE 4 


SUMMARY OF EXPERIMENTS SHOWING (A) THAT THE DETOXICATING ACTION OF PLASMA 
ON METHYL bis(@-CHLORETHYL)AMINE IS NOT DIRECTLY RELATED TO HYDROLYSIS 
AND (B) THAT HYDROLYSIS INCREASES THE TOXICITY OF THE BASE. 


Concentration of 
chlorethylamine 


No. of in medium Treatment of chlorethylamine before No. of Growth after 
exp. (y/cc.) being added to the culture medium cultures used 48 hours 
6 0.0 Control 6 6: +++ 
50.0 24 hours’ incubation in saline ‘. = 
50.0 , plasma 6 6: ++ 
100.0 , saline 6 6: — 
100.0 , Plasma 6 6: + 
200 .0 , saline 6 6: — 
200 .0 Plasma 6 + 
7 0.0 Control 6 6: +++ 
50.0 Dissolved in saline shortly before use 6 ‘ : HM 
50.0 24 hours’ incubation in saline 6 6: — 
50.0 , plasma 6 6: ++ 
100.0 Dissolved i in saline shortly before use 6 6: — 
100.0 24 hours’ incubation in saline 6 6: — 
100.0 git ' , plasma 6 6: ++ 


3. Detoxicating action of serum on hydrolysed 
chlorethylamine. Table 5. For these experiments, 
serum was used instead of plasma because at the 
required concentrations the ‘‘aged”’ saline solu- 
tions of the chlorethylamine did not prevent the 
plasma from clotting during incubation. This sub- 
stitution was controlled as described below, and 
did not influence the results. Haperiment 8: 
The following solutions were prepared: (a) con- 
trol: normal serum was incubated for 24 hours at 
38.5° C; (b) 0.01 cc. of chlorethylamine was shaken 
with 5 ec. of serum and incubated for 24 hours; 
(c) 0.01 ee. of chlorethylamine was shaken with 
5 ee. of plasma and incubated for 24 hours; (d) 
control: 0.1 ec. of chlorethylamine was shaken with 
2.5 ce. of serum and incubated for 24 hours; an- 
other 2.5 ec. of serum was then added and the solu- 
tion incubated for a further 24 hours; (e) control: 
0.1 ce. of chlorethylamine was shaken with 2.5 ce. 


plasma (solutions b and c) were equally effective 
in detoxicating the unhydrolysed chlorethylamine. 
Chlorethylamine hydrolysed in saline after 48 
hours (solution e), at a concentration of 2007 per 
ec., killed all the cultures. In contrast, when it was 
initially incubated in saline for 24 hours and then 
treated for 24 hours with fresh plasma (solution f), 
it only partially inhibited growth. 

This observation was confirmed in experiment 9. 
Solutions (i), (j) and (k), Table 5, were repetitions 
of solutions (d), (e) and (f) of experiment 8; but 
the two control solutions (g) and (h) were differ- 
ent. Solution (g) contained the same proportion of 
saline as did solution (j), and to solution (h) the 
same quantity of previously incubated serum was 
added as was present in solution (i). The experi- 
ments indicate clearly that the hydrolysis prod- 
ucts of methyl bis(6-chlorethyl)amine can be 
partially detoxicated by the action of serum. 
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VI. The toxicity of the substances produced during 
hydrolysis of methyl bis(B-chlorethyl)amine.— 

lL. Methyl diethanolamine (compound VY). The 
toxicity of the di-hydroxy-derivative of the chlor- 
ethylamine was compared with that of the par- 
ent chloro-compound in experiment 10. Fifteen mg. 
of the compound was dissolved in 1 cc. of plasma, 
and diluted with fresh plasma so as to give concen- 
trations in the culture clot of 200, 1000 and 2000¥ 
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1000 and 2000y per ce. as compared with 200 per 
ce. of the chlorethylamine, Le. it is less toxic. Un. 
der the conditions of the experiment, it was not 
detoxicated by incubation in plasma. 

In all the concentrations used, methyl dicthan- 
Olamine had a fairly drastic effect on the strue- 
ture of the cells (ef. Figs. 3 and 4). The nuclei were 
rather shrunken and the cytoplasm of the fibro- 
blasts in all the treated cultures became honey- 


TABLE 5 


SUMMARY OF EXPERIMENTS SHOWING THAT HYDROLYSED METHYL bis(B-CHLORETHYL) AMINE 
CAN BE PARTLY DETOXICATED BY INCUBATION IN SERUM 


Concentration of 
chlorethylamine 


No. of in medium No. of Growth after 
exp. (y/ee.) Solution added to the culture medium cultures used 48 hours 
8 0.0 (a) Normal serum incubated 24 hours (5 6: ++ 
200.0 (b) Chlorethylamine incubated 24 hours in serum 6 6: +++ 
(c) 24, plasma 6: +++ 
+++ 
(d) 48 , , se 6 + 
f ; » (an) , saline | 
(b) 24, serum | + 
0.0 (g) Normal saline 6: 
0.0 (h) Normal serum incubated 24 hours 6 6: +++ 
200 .0 (i) Chlorethylamine incubated 48 hours in serum 6 6: +++ 
k : » (a) 24 , saline | 


per cc., solutions (b), (c) and (e), table 6; the solu- 
tions were used shortly after preparation. Solu- 
tions (d) and (f), which contained the same con- 
centrations of agent as solutions (¢c) and (e) re- 


TABLE 6 


EXPERIMENT SHOWING (A) THE EFFECT ON GROWTH OF 
DIFFERENT CONCENTRATIONS OF METHYL DIETHAN- 
OLAMINE AND (B) THAT METHYL DIETHANOLAMINE IS 
NOT DETOXICATED BY INCUBATION IN PLASMA. 


Concentration 
of diethanol- 
amine in No. of 
No. of medium Treatment of cultures Growth after 
exp. (y/cee) diethanolamine used 48 ‘hours 
10 (a) 0.0 Control 6 6: ++4+ 

(b) 200.0 Added just before use 6 6: ++ 

(c) 1000.0 6 6: + 

(d) 1000.0 Incubated 24 hoursin 6 6: + 

plasma 
(e) 2000.0 Added just before use 6 6: — 
(f) 2000.0 Incubated 24 hoursin 6 6: — 


plasma 


spectively, were prepared from an initial solution 
of 22.1 mg. in 1 ce. plasma which had been in- 
cubated for 24 hours at 37° C. before being diluted 
with fresh plasma. One set of cultures was grown 
in each medium and a control set in normal me- 
dium. 

It will be seen from Table 6 that the lethal con- 
centration of methyl diethanolamine lies between 


combed with vacuoles; many of the cells grown at 
a concentration of 10007 per ce. were reduced to a 
mere shell of protoplasm enclosing an enormous 
central vacuole. These vacuoles contained a clear 
fluid in which particles in active Brownian move- 
ment were seen. The formation of cytoplasmic 
aqueous vacuoles in fibroblasts treated with 
various nitrogen compounds has been described by 
other observers (9, 10). 

2. Methyl B-hydroxy-ethyl-B-chlorethylamine; 
compound IIT. Experiments were made to deter- 
mine the lethal concentration of the mono-hydroxy- 
derivative of the chlorethylamine. On account of 
its very hygroscopic nature, it proved impossible 
to prepare culture media in which exactly weighed 
quantities of the small order required were dis- 
solved; for this and other technical reasons, direct 
comparisons on sister cultures, of the toxicity of 
this substance with that of the parent compound, 
were found to be unreliable and they will not there- 
fore be described in detail. Sets of cultures were, 
however, transferred to media containing concen- 
trations of the hydroxy-derivative of the order of 
7, 13, 27, 50, 100, 200 and 400y per cc. After 48 
hours, the cultures in concentrations of up to 277 
per cc. showed no growth and those at 137 per ce. 
were subnormal. The mono-hydroxy-derivative, 
therefore, is at least as toxic to cells in vitro as 1s 
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the parent chlorethylamine and it is probably 
more toxic than the latter material. 

Examination of the cultures grown in a concen- 
tration of 13y per ec. after 24 hours showed no 
significant outgrowth, and that of the explants 
in 7y per ee. was very poor. Both these sets under- 
went «a marked recovery during the second 24 
hours’ incubation, suggesting that this substance 
also is detoxicated by the plasma. 

38, NN’-di-B-chlorethyl-N N’-dimethyl piperazin- 
ium chloride (the prperazinium dimer, compound 
V1). Addition of relatively high concentrations of 
the dimer to the culture medium had no effeet on 
cultures grown In it. It appeared to be nontoxie. 


DISCUSSION 


The results described above show that there is a 
close parallel between the relative toxicities of 
methyl bis(6-chlorethyl)amine and the products 
of its interaction with water, for cells in vitro and 
when injected into mice (3). Thus the chlorethyl- 
amine and its mono-hydroxy-derivative are very 
toxic both to tissue cultures and to mice, whereas 
the di-hydroxy-derivative is much less injurious 
and the dimer is non-toxic in relatively high con- 
centrations. The toxicity of the parent substance 
and of its solutions in saline to fibroblasts an vitro 
may therefore be attributed to the presence in the 
culture medium of the mono-hydroxy derivative. 
Both the chlorethylamine and the mono-hydroxy- 
compound lose some of their toxicity when kept in 
contact with plasma at body-temperature; this 
suggests that the chloro-base reacts with protein, 
probably after partial hydrolysis since detoxica- 
tion is not marked until after 24 hours’ incubation. 
Evidence will be adduced elsewhere that such a 
protein-chloroethylamine compound of low toxic- 
ity can be produced experimentally under appro- 
priate conditions. 

The action of the liquid agent and its saturated 
vapour Is less drastic than that of mustard gas in 
the same forms, but more obvious cell damage is 
produced since the cells are not immediately 
“fixed” by the nitrogen mustard. With low concen- 
trations of the vapour, the effects of the two agents 
are very similar. The lethal concentration of 
methyl bis(8-chlorethyl)amine for cells in viiro is 
rather less than that of 8£’-dichlordiethyl sul- 
phide, since cultures show some outgrowth in a 
concentration of 200y per cc. of the former sub- 
stance while growth is completely inhibited in the 
same concentration of the latter. 

In sublethal concentrations the chlorethylamine, 
like mustard gas, causes severe mitotic disturb- 
ances including clumping and fragmentation of the 
chromosomes, multipolar figures and multinucle- 


ate cells. As noted elsewhere (5), the abnormalities 
resemble those caused by carcinogenic compounds 
and by x-rays. Similar mitotic abnormalities have 
been observed by Bodenstein (2) in the ectoderm 
of amphibian embryos treated with chlorethyl- 
amine, and Auerbach and Robson (1) have shown 
that this agent has a strong mutagenic action on 
Drosophila. 
SUMMARY 


1. Liquid methyl when 
applied directly to tissue cultures, infiltrates the 
cells via the fat droplets as does liquid mustard 
gas; but, unlike the latter substance, it distorts the 
cells, which become attentuated and their nuclei 
pycnotic; it does not immediately coagulate 
them. 

2. Higher concentrations of the vapour produce 
rapid distortion of the cells, which disintegrate 
without coagulation; low concentrations, like 
those of mustard gas vapour, slowly produce even 
more fantastic distortions of the fibroblasts, lead- 
ing to their complete breakdown. 

3. When chlorethylamine is added to the culture 
medium, its lethal concentration for cells in vitro 
is rather less than 2007 per cc., but if the agent is 
incubated in plasma at body-temperature for 24 
hours before being added to the cultures, it loses 
much of its toxicity at this concentration. At 
higher concentrations the detoxication by incuba- 
tion in plasma is less complete. 

4. Incubation of the chlorethylamine in saline 
increases its toxicity; this toxicity is partially de- 
stroyed by further incubation in serum. 

5. 24 hours’ incubation in plasma is necessary 
to complete the detoxication of low concentrations 
of the chlorethylamine; the detoxication may 
therefore proceed through the hydrolysis products. 

6. The second hydrolysis product of methyl 
bis(B-chlorethyl)amine, methyl diethanolamine, is 
much less toxic to cells in vitro than is the parent 
compound; the “half-hydrolysis” product is at 
least as toxic and perhaps more so; the piperazin- 
ium dimer is non-toxic. Since all these substances 
are present in aqueous solutions of the free chlor- 
ethylamine base, the toxicity of the compound 
may be due to hydrolysis of the mono-hydroxy- 
derivative. This substance also appears to be par- 
tially detoxicated by contact with plasma. 

7. Sublethal concentrations of methyl bis(- 
chlorethyl)amine cause mitotic abnormalities 
similar to those produced by mustard gas, 
carcinogenic substances, and x-rays. 
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Nodular Flyperplasia of Glands 
Induced by ‘Vhiouracil 


C3. Laqurur, M.D. 


(From the Department of Pathology, Stanford University School of Medicine, San Kraneinco, California) 


The prolonged administration of antithyroid 
compounds provides an experimental means by 
which the activity of endogenous pituitary thyro- 
tropic hormone may be studied. The mechanism of 
action of these agents supposedly involves the in- 
hibition of thyroid hormone formation, thus re- 
moving the controlling activity of the thyroid 
hormone upon the thyrotropie hormone of the 
anterior hypophysis (1, 2, 13, 14, 27, 34, 35). 

A number of agents have been found which in- 
duce diffuse and nodular hyperplasia of the thy- 
roid gland in rats by this mechanism. This is im- 
portant because spontaneous thyroid tumors are 
rare in small laboratory animals. Recently, how- 
ever, van Dyke found eystic papillary tumors in 
56 per cent of his rats provided they were per- 
mitted to reach an age of 800 to 900 days. He re- 
lated the development of spontaneous tumors in 
old rats to the ultimobranchial tissue and indi- 
cated the significance of involuting changes in the 
thyroid parenchyma adjacent to the tumors (49). 

Among the agents which have been reported to 
induce adenomatoid hyperplasia of the thyroid 
gland in the rat were brassica seeds (24), thiourea 
(41, 42) thiouracil (5, $2), and acetyl amino- 
fluorene with allylthiourea (3, 4). It has recently 
been shown, however, that 2-acetaminofluorene 
by itself produced thyroid tumors (6). Pulmonary 
metastases from malignant thyroid tumors have 
been described after thiourea (42). 

In mice of several inbred and hybrid strains, 
marked hyperplasia of the thyroid glands without 
nodule formation has been described following pro- 
longed feeding of goitrogens (8, 9, 17). Even 
though distinct tumor nodules failed to develop in 
the thyroid glands, thyroid tissue was found with- 
in the lung substance by these observers. Appar- 
ently species differences exist with respect to tu- 
mor formation in the thyroid gland. 

The data to be reported summarize observa- 
tions on the effect of thiouracil upon the thyroid 
gland of albino male and female rats, a preliminary 


communication having been published previously 
(32). 


MATERIAL AND METHODS 


A total of LIL albino rats of the Stanford strain, 
56 males and 55 females, were used in the experi- 
ments, They were placed on the experimental diet 
atl an average body weight of 100 grams, which 
corresponds to an average age of 45 days for the 
male and 55 days for the female rat in this colony. 
The basic diet was ground Purina dog checkers to 
which thiouracil was added in a concentration of 
100 mgs. per cent. The drug was blended with the 
diet in a mechanical mixer for 30 minutes. The 
rats were permitted unrestricted access to both 
food and tap water. Several experimental groups 
were inoculated intraperitoneally with a culture 
of the L,4 strain of pleura-pneumonia-like organ- 
isms. They and the respective control groups were 
a part of a separate investigation reported else- 
where (48).! No essential differences were noted in 
the response of the thyroid glands and hypophyses 
hetween the inoculated thiouracil treated ani- 
mals and the rats treated with thiouracil alone, so 
the former were included in this report. 

The thyroid and adrenal glands and the gonads 
were fixed in Bouin’s solution, the hypophyses in 
Zenker’s formol after weighing the organs on a 
torsion balance. Sections were stained with hema- 
toxylin and eosin, and in addition azocarmine- 
aniline blue stain was used on sections of the 
hypophyses. 

Statistical procedures: Preliminary calculations 
showed that the thyroid weight in relation to the 
body weight in our rats closely paralleled the data 
published by Remington and collaborators (45) 
who used a strain of rats of the same ancestry and 
on the same diet. Hence, his data on 180 rats were 
combined with our data on 95 normal rats. From 
the combined data, the constants for the predicted 
thyroid weight were calculated according to the 
equation proposed by Huxley: log y = log b+ k 
log x (28). For convenience a nomogram was then 


tT should like to express my appreciation to Dr. W. C. 
Kuzell of the Department of Pharmacology for the privilege 
of studying his animals. 
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set up from which the per cent deviation of the 
observed thyroid weight from the predicted 
thyroid weight was readily obtainable.” 

The individual values for the per cent devia- 
tions were then subjected to the usual statistical 
methods and the means of all groups compared 
with one another (12). The analysis was indicated 
because a considerable variation in thyroid weight 
within the same group was apparent. 


RESULTS AND DISCUSSION 
Weight changes.—Thyroid gland: The weights of 
the thyroid glands with the respective standard 
deviations (S.D.) and the same weights calculated 
as per cent deviations from the predicted weight 
with the standard deviations are summarized in 
Table 1. 

In males, the mean thyroid weight changed 
very little between 120 and 261 days of the experi- 
mental period, the values for P being consistently 
greater than 0.05. Hence, the difference between 
the means was not considered to be significant. 
However, a significant difference between the 
mean thyroid weights was found when the rats 
which had been on thiouracil for 261 and 312 
days respectively were compared. The difference 
was minus 224.07 and the value for P was smaller 
than 0.01. It indicated that a significant decrease 
in mean thyroid weight had occurred, and the 
change in weight was emphasized by structural al- 
terations to be described later. 

A progressive increase in thyroid weights was 
apparent when the data obtained from the female 
rats were analyzed. Thus, comparison of the 
means of groups F and H (120 and 155 days) gave 
a value for P of 0.02, that of groups H and K (155 
and 266 days) a value for P of 0.02, the difference 
between the means being significant in both cases. 
A group of rats corresponding to the 312 day 
period of the males was not run, and it is not 
known if a similar decrease would have resulted 
with further continuation of feeding. 

Hypophysis: The mean weights of the hypophy- 
sis in mgs. per 100 gms. of body weight are in- 
cluded in the last column of Table 1. The data 
were treated by statistical methods as described 
for the thyroid gland. 

Calculating the statistical constants for male 
rats, the animals in groups D were found to have 
the largest glands with a mea~ weight of 6.5 mgs. 
+ 1.22. Further continuation of feeding (group E) 
resulted in a decrease in pituitary weight to 5.00 
mgs. + 0.93. Comparison of the means between D 


2 T should like to thank Dr. A. E. Lewis of this Department 
for his help in many of the calculations and the preparation of 
the nomogram. 
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and KE gave a value for P smaller than 0.01, hence 
highly significant. 

In the females, a progressive increase in mean 
weight of the hypophysis was apparent, a mayi- 
mum being reached in the rats which had been oy 
thiouracil longest. The mean of group K when 
compared with any of the other groups was found 
to be significantly larger, with values for P of less 
than 0.01. In addition, there was a significant and 
progressive increase In mean pituitary weight be- 
ginning with group H (155 days), values for P 
being smaller than 0.05 in the remaining two 
groups when compared with one another. 

Summarizing the observations on the weight 

changes, an increase in the weight of the thyroid 
gland and hypophysis was apparent in female rats 
which was progressive during the period of ob- 
servation. No significant changes were demon- 
strable in male rats over corresponding periods of 
experimentation. A diminution in the weight of 
both glands was apparent in those male rats which 
had received thiouracil for an additional period of 
50 days. 
Microscopic changes.—Thyroid gland: Many of 
the histologic changes were similar to those which 
have already been reported in animals after ad- 
ministration of antithyroid compounds. The prin- 
cipal response was a diffuse hyperplasia of the 
epithelial lining of the follicles accompanied by a 
nearly complete loss of colloid (Fig. 1). The indi- 
vidual epithelial cells were high columnar and 
usually possessed basally placed large vesicular 
nuclei. Hyperemia was severe. The parathyroid 
glands, usually situated at the lateral margins of 
the glands, were completely surrounded by thy- 
roid tissue on occasions. The diffuse hyperplasia 
was nearly uniform in both sexes and in all groups 
which had received the experimental diet for as 
long as 261 and 266 days respectively. Thereafter, 
and coinciding with a decrease in thyroid weight, 
the degree of epithelial hyperplasia was more 
variable within the group and even within the 
same gland. Thus, the height of the epithelial cells 
was reduced in 8 of the 20 animals which had re- 
ceived thiouracil for 312 days. Patchy accumula- 
tion of colloid-like material was noted in the fol- 
licles of 11 of the 20 rats, and colloid was uni- 
formly present throughout the glands in 6 more 
rats (Fig. 2). 

In a little more than one third of all the ani- 
mals, aggregates of tubules were found in the hy- 
perplastic glands (Fig. 3). They were lined by a 
columnar epithelium which was lower than that 
lining the follicles in the adjacent portions of the 
gland. The tubules had definite lumina in which a 
little granular and homogenous material was seen. 
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The nuclei of the epithelial cells were more com- 
pact and smaller than in the remaining gland. 
Short epithelial buds projecting slightly into the 
lumen were not infrequent. Groups of tubules 
traversed the width of the gland occasionally, al- 
though they were more frequent at the periphery. 
No definite relationship between the foci of tubu- 
lar proliferation and the hyperplastic nodules to be 
described was evident. 

In 37 of the 111 rats, or 33 per cent, areas of 
nodular hyperplasia were found. The lesions oc- 
curred as solitary or multiple nodules, the largest 
number in a single animal being four. The inet- 
dence is summarized in Table 2, in which the data 
are broken down with respect to sex, the number 
of rats having nodules, and the total number of 
nodules in each group. Small collections of acini 
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fairly common. The majority of the nodules as 
well as the largest, which measured nearly 5 mms. 
in greatest diameter, had this histologic appear- 
ance, 

A little different type of nodule which was seen 
in several instances is illustrated in Fig. 8. Such 
nodules, which were not encapsulated though well 
defined from the adjacent thyroid parenchyma, 
were composed of closely packed epithelial cells 
with a strongly acidophilic cytoplasm. The nuclei 
were hyperchromatic and located at the base of the 
cells, which formed small acini, often with a barely 
visible lumen. They were separated from one an- 
other by greatly distended endothelial lined chan- 
nels containing blood. The largest of these nodules 
measured a little more than 2 mms. in greatest 
diameter. 


TABLE | 


WEIGHTS OF BODY, THYROID GLAND AND HYPOPHYSIS IN ALBINO RATS 
ON A DIET CONTAINING 0.1 PER CENT THIOURACIL 


EXPER, Av. 

PERIOD No. or WEIGHT 
DAYS Sex KATS SYMBOL 
120 M 6 169.8 
169 M 10 B 192.1 
933 M 11 > 218.2 
961 M 9) 165.7 
$12 M 20) ) 216.9 
120 i 7 I 153.7 
142 I 10 i 162.5 
155 I 10 H 147.: 
2338 I 173 
266 15 kK 145.9 


Weight and S.D. 


MG. HYPOPHYSIS PER 
Gms. BODY WT. 


GLAND 
Mean deviation*® 


midges. per cent mgs. 
65. 8+ 16.15 $45 .17+117.1 5.72+1.% 
93 .9+ 39.23 454.50+ 201.1 5 .96+ 1.02 
95.64 35.07 431.64 + 206.0 5.28+1.04 
93 .9+ 34.48 560 .67 + 250.8 6.50+1.22 
79.3 + 23.32 336.60 + 143.0 5.00+ .93 
48. B+ 5.55 260 43+ 59.1 5. 86+ .64 
54.7+ 19.09 302.11 + 100.6 6.18+1.14 
58.5+11.83 $44.78+ 84.2 6.28+ .88 
85.$+35.44 476 00 + 283.4 7.37+1.30 
$1.5+31.59 515.33 + 201.1 9.40+1.35 


* Mean of per cent deviation of observed weight from predicted weight. 


lined by epithelial cells with hyperchromatic nu- 
clei were frequently encountered and thought to 
represent potential foci for the development of 
nodules (Fig. 4). They were not included in the 
table. There was some variation in the degree of 
epithelial proliferation, and examples are shown in 
the figures 5 to 8. In several nodules, the general 
arrangement of the acini closely resembled that 
seen in the adjacent thyroid tissue, from which 
they were separated occasionally by a little fibrous 
tissue (Fig. 5). The nuclei of the epithelial cells 
were more compact, however, and the nodules 
were readily visible by these two features. They 
measured up to 3 mms. in greatest diameter. 
Other nodules were composed of cuboidal to 
columnar epithelial cells forming irregular acini 
which varied considerably in diameter and fre- 
quently contained vacuolated colloid-like material 
(Fig. 7). The nuclei, though uniformly found at the 
base, were hyperchromatic. Fibrous tissue was 
sometimes seen over portions of the periphery, yet 
the nodules were not encapsulated and prolonga- 
tions into the adjacent thyroid parenchyma were 


No obvious explanation has been found for the 
variability in the appearance of the nodules. It 
was not unusual to find two different types of 
lesions in the same gland. Definite evidence of in- 
vasiveness was not demonstrated in any of the 
lesions and they were considered to be benign. 

Because a relationship between the develop- 
ment of spontaneous thyroid tumors and ultimo- 
branchial cysts (49) had been suggested, a search 
for these structures was made in our material. The 
ultimo-branchial cyst was found in 14 animals, or 
12.6 per cent, and in one of the animals each lobe 
contained the structure. The incidence is probably 
not a true one because serial sections were not 
made in the majority of the glands. However, 
when the animals bearing nodules in the thyroid 
were compared with those containing ultimo- 
branchial cysts, it was found that only 2 rats had 
both nodules and cysts. In both instances, the 
cysts were widely separated from the nodules. The 
remaining 12 rats which had cysts, had no nodules. 
This suggested that the experimentally produced 
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Fic. 1.—Diffuse hyperplasia of thyroid gland after 266 Fic. 3.—Area of proliferating tubules in hyperplastic 
days of feeding thiouracil. Mag. X 220. thyroid after 142 days of feeding thiouracil. Mag. X 220. 

Fic. 2.—Accumulation of colloid in thyroid gland after Fic. 4.—Early focus of nodular hyperplasia after 266 
312 days of feeding thiouracil. Mag. < 220. days of feeding of thiouracil. Mag. x 220. 
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nodular hyperplasia occurring in young rats had 
little relationship to ultimo-branchial tissues. 

Inflammatory reactions inthe thyroid gland were 
fairly frequent but usually involved only the 
periphery, being most marked in the capsular 
fibrous tissue on the medial and posterior aspects 
of the glands. Among the cellular components, 
polymorphonuclear leucocytes with acidophilic 
granules, lymphocytes, and plasma cells wére 
seen. No evidence of local vascular disease was 
found after special staining procedures for elastic 
and collagenous fibers. Further investigations sup- 
ported the impression that the inflammatory re- 
action was not directly related to the effects of the 
drug because various degrees of inflammation of 
the tracheal mucosa and esophagus, with exten- 
sion of the inflammatory reaction have been seen 
frequently in rats used for other purposes. Collec- 
tions of lymphocytes such as are commonly seen 
in the human thyroid gland in Graves’ disease 
were never encountered. 
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The significance of the change in granulation of 
the anterior lobe cells is difficult to interpret. It 
seems important, however, that the cytologic 
changes in the hypophysis coincided with the al- 
terations in the weight and cytology of the thyroid 
gland, suggesting that they had a common under- 
lying mechanism. 

Summarizing the morphologic changes in the 
thyroid glands, diffuse hyperplasia of the thyroid 
gland was noted in animals which had been on 
thiouracil for periods varying from 120 to 260 
days. Thereafter involution of the hyperplastic 
glands was noted, and it was associated with ac- 
cumulation of secretion within the lumina of the 
acini. The thyroid glands from about one-third of 
all animals contained areas of nodular hyperplasia, 
and the incidence increased somewhat as the pe- 
riod of feeding was prolonged. Foci of tubular 
proliferation were noted in a little more than one- 
third of the animals but no relationship between 


TABLE 2 
INCIDENCE OF NODULAR HYPERPLASIA IN RATS ON THIOURACIL 


MALES 
Exper. No. of Nodular hyperplasia 
Period Rats No. rats No. nodules 
120 6 0 0 
169 10 
1] 5 
261 
312 20) 11 19 


Hypophysis: Little emphasis was placed upon 
detailed cytologic examination of the anterior lobe 
cells in the present study. The majority of the 
glands were prepared for assaying procedures, and 
the results of this study aré being published sepa- 
rately. Those glands which were available for his- 
tologic observations showed various stages of 
transformation of granulated basophiles to thy- 
roidectomy cells and a marked diminution in 
granulated acidophiles. The changes which have 
been described by many observers (13, 21, 23, 30, 
33, 36) were seen fairly consistently in the hy- 
pophyses. The male and female rats which had 
been on the diet for 261 and 266 days respectively 
and the males which had thiouracil for 312 days, 
however, presented a different cytologic picture. 
Five hypophyses were available in each of these 
groups. They contained granulated acidophiles. 
In contrast to the other groups, after 260 days, 
they were still infrequent and widely separated, 
and the granules were scant. After 312 days, nu- 
merous well granulated acidophiles were present 
and the number of thyroidectomy cells was 
smaller, granulated basophiles being now more 
prominent. 


FEMALES 
Exper. No. of Nodular hyperplasia 
period rats No. rats No. nodules 
120 7 2 
142 10 4 
155 10 l ] 
233 13 6 10 
266 15 5 9 


these foci of tubular hyperplasia and the develop- 
ment of nodules was evident. 

The hypophyses contained many thyroidec- 
tomy cells and there were only occasional poorly 
granulated acidophiles between 120 and 260 days 
of the experimental period. Thereafter, well granu- 
lated acidophiles occurred in large numbers and 
granulated basophiles were more frequently seen 
than thyroidectomy cells. 


COMMENT 


There is little doubt that the anterior pituitary 
thyrotropic hormone is responsible for the hyper- 
plastic changes in the thyroid gland after adminis- 
tration of antithyroid compounds because hyper- 
plasia is abolished in the hypophysectomized ani- 
mal (1, 35, 26). 

Determinations of thyrotropic hormone which 
would elucidate quantitative changes in the blood 
and hypophyses, have not yet yielded uniform re- 
sults in hypothyroid states. While thyroidectomy 
is followed usually by an increase in the hormone 
in serum and hypophyses, the hypothyroidism 
produced by antithyroid drugs has given more 
variable results. It seems quite possible that the 
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Fic. 5.—Border of thyroid nodule resembling adjacent 
thyroid parenchyma. Condensation of fibrous tissue at 
margin. 312 days of feeding. Mag. X 220. 

Fic. 6.—Central portion of nodule shown in Figure 5. 
Mag. X 220. 

Fic. 7.—Margin of thyroid nodule after 266 days of 


Nuclei within nodule more hyper 


feeding thiouracil. 
chromatic and epithelial height lower than in adjacent” 
thyroid tissue. Mag. 220. 

Fic. 8.—Margin of nodule after 266 days of feeding 
thiouracil composed of a vascular network and cords and 
small follicles of epithelial cells. Mag. «220. 
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removal of thyrotropie hormone from the cireula- 
tion occurs In Che presence of the thyroid gland, as 
has been suggested by Gordon and his collabora: 
tors (19). ‘This mechanisin does not exist in the 
thyroidectomized animal and the hormone may 
appear in detectable amounts in blood and urine, 

Whatever the ultimate explanation of the quan- 
titative changes in the production, release, and 
utilization of the thyrotropie hormone may be, our 
observations, and those of others, indicate that 
the thyrotropic hormone reaches the thyroid gland 
long cnough and in such a quantity that active 
thyroid hyperplasia persists. Thus, our results 
show that the hyperplasia was maintained for 
about one-third of the life span of the experi- 
mental animal, 

Diffuse hyperplasia is the carliest and most 
uniform response to antithyroid agents. Nodular 
hyperplasia may develop later in thyroid glands 
which still show diffuse hyperplasia in the remain- 
ing portions. In this respect, the experimentally 
induced thyroid nodules in young rats differ dis- 
tinctly from the spontaneous thyroid tumors in 
old rats where involution of the thyroid paren- 
chyma adjacent to the nodules has been deseribed 
(49). 

The observations on mice in which nodules do 
not develop in the thyroid gland even after pro- 
longed exposure to these agents (8, 9, 17) are of 
importance. It seems reasonable that the cause for 
the development of nodules should be looked for in 
the thyroid gland itself. Since spontaneous tumors 
in that gland are rare in young rats, it may be sug- 
gested that the activity of the pituitary thyro- 
tropic hormone provides the growth stimulus per 
se, and that the formation of nodules is one of the 
responses of which the thyroid is capable. 

Although the nature of this particular mecha- 
nism is unknown, the focal or irregular type of 
response after periods of prolonged or, sometimes, 
exaggerated activity is not limited to the thyroid 
gland alone, and appears to be related in some 
way to age. In the hypophysis, for example, the 
incidence of nodular hyperplasia has been noted to 
he definitely increased in old rats (25, 40, 46, 51). 
Prolonged administrations of estrogens to rats, 
though first producing a diffuse type of cellular 
hyperplasia, have been found to be followed later 
by nodule formation in the hypophysis (11, 15, 16, 
38, 47, 50, 52, 53). In man, the relation of aging to 
the incidence of nodular hyperplasia in hypophy- 
sis, thyroid glands and adrenals is frequently com- 
mented upon (7, 29). It is only possible, at this 
time, to point to the effects which aging or exag- 
gerated stimulation may have upon the responses 
seen in various endocrine organs. It seems interest- 
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Ing to speculate on the possibility, however, that 
the chronic activity of growth stimulating sub- 
stances upon endocrine organs may result ina 
of reactivity in fairly young antmals which, 
under normal circumstances, would have pre- 
viled considerably later, That species differences 
may influence the responses, in addition, is pos- 
sible and has been mentioned earlier, 

While, proliferative lesions in the thyroid gland 
are an undesirable side effect of the drug, Rawson 
and his collaborators (36) have shown that, in 
patients with Graves’ disease treated with thioura- 
cil, the hyperplasia of the thyroid gland can be 
restrained effectively by the simultaneous admin- 
istration of iodine. Similar observations have been 
made in animals exposed to the combined activity 
of thiouracil and iodine for short periods of time 
(25, $2, 31). Further confirmation of the inhibitory 
effect, of todine upon thiouracil induced hyper- 
plasia of the thyroid gland was obtained in our 
rats recently (16) where the animals had been 
exposed to both drugs for as long as 5 months. 
That the development of nodules may be pre- 
vented by this method is likely, although definite 
proof awaits continuation of such experiments for 
even longer periods than have been used thus far. 

The cause or causes responsible for the strue- 
tural and weight changes of the hypophyses and 
thyroid glands in rats which had been on thiouracil 
for $12 days were not evident. Attempts to demon- 
strate the mechanism should be made and include 
such possibilities as the development of a refrac- 
tory state, the effect of aging, and exhaustion 
atrophy. 

SUMMARY 


The changes in weight and morphology of the 
thyroid gland and hypophysis following chronic 
administration of thiouracil in the diet have been 
described. 

Analysis of the data has shown that a progres- 
sive increase in weight of both organs was limited 
to the female rats. There was evidence of involu- 
tion of the thyroid gland in male rats which had 
received the diet for 10 months. The regressive 
changes in the thyroid gland were associated with 
cytologic alterations in the hypophyses, and these 
have been discussed briefly. 

Diffuse hyperplasia of the thyroid gland was the 
most uniform response to the drug. In 33 per cent 
of all rats, definite nodular hyperplasia was found. 
The histologic structure of the nodules varied, and 
the same gland harbored nodules of different his- 
tologic appearance in several instances. All nodules 
were regarded as benign lesions. 

Tubular proliferation of the epithelial cells lin- 
ing the acini was seen in 40 per cent of the rats. 
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Examination of small foei of nodular hyperplasia 
failed to demonstrate a relationship between the 
tubules and the nodules, and both changes were 
seen in the same gland as distinetly separate 
structures, 


Ultimo-branchial tissue was found in 18 per cent 


of the animals. Karly lesions of nodular or tubular 
hyperplasia did not show a definite association 
with ullimo-branchial tissue such as has been 
found in spontaneous tumors of the thyroid gland 
in the rat. 


Factors which may contribute to the develop- 


ment of nodular hyperplasia are discussed briefly 
in the light of comparable lesions in other endo- 
erine organs and different species. 


6 
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New Books 


A Symposium on the Use of Isotopes in Biology and 
Medicine: Addresses Delivered at an Institute Held at 
the University of Wisconsin from September 10 to 
September 13, 1947. Madison: University of Wiscon- 
sin Press, 1948. Pp. 445. Cloth. 


This book contains twenty individual papers, con- 
tributed by experts in the field of biological application 
of isotopic technics. The articles are informative and 
cover a wide range of topics. The historical background 
is presented by H. T. Clarke (Columbia University). 
The separation, preparation, and availability of the iso- 
topes are described, respectively, by H. C. Urey (Uni- 
versity of Chicago), G. T. Seaborg (University of 
California), and P. C. Aebersold (United States Atomic 
Energy Commission). Applied aspects are contributed, 
among others, by H. G. Wood (Western Reserve Uni- 
versity), K. Bloch (University of Chicago), and D. M. 
Greenberg and I. L. Chaikoff (University of California). 

Interesting chapters by H. C. Urey on “‘Internation- 
al Aspects of Atomic Energy”; by W. F. Bale on 
*‘Health Hazards in the Use of Radioactive Isotopes’; 
and by F. Daniels on ““Comments on the Development 
of Atomic Energy” are included. 

The volume is readable and authoritative. It appears 
regrettably to have been published somewhat hurriedly 


by the photo-offset process and has no index. The latter 
would have been useful. 


Sexual Endocrinology of Non-mammalian Vertebrates, 
By L. H. BertscHNEWweER and J. J. Duyvené pg 
Wir. (“Monographs on the Progress of Research in 
Holland during the War.’”?) New York: Elsevier 
Pub. Co., Inc., 1947. Pp. 146. $2.75. 


This monograph deals with research in the Univer. 
sity of Utrecht during the war. Detailed morphological 
studies are presented of the pituitary and ovaries of a 
variety of nonmammalian vertebrates, with special 
emphasis on the bitterling. The purpose was to correlate 
structural and functional changes and to study the re- 
sponse to administration of various hormones. 

These studies will be of special interest to biologists, 
physiologists, and those endocrinologists who may use 
fish in their research. 


CORRECTION 
The magnification for Figure 1 in the paper by 
Bern. Cancer Research 9:68, February 1949, 
should read 1.6. The magnification of Figure 
2 on the same page should read X 24. 
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